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LETTER  OF  TRANSMITTAL. 


Departmeint  of  Agriculture, 

Office  of  Experiment  Stations, 

June  15,  1889. 

Sir  : I have  the  honor  to  transmit  herewith,  for  publication.  Farmers’ 
Bulletin  No.  1,  of  this  office,  containing  a brief  statement  of  the  history, 
work,  and  aims  of  the  agricultural  exi)eriment  stations. 

Very  respectfully, 

W.  O.  Atwater, 

Director, 

^ on.  J.  M.  Busk, 

Secretary^  Agriculture. 


This  bulletin  is  intended  as  the  first  of  a series,  the  object  of  which 
is  to  give  information  about  the  ex})eriment  stations  and  their  work, 
by  collating  results  bearing  upon  special  topics  and  putting  them  into 
brief,  clear,  practical  form  for  farmers  and  others  to  read.  A series  of 
Experiment  Station  Bulletins,  of  which  the  first  has  been  published,  is 
intended  to  furnish  accounts  of  current  operations  of  the  stations,  and 
kindred  information  for  station  workers  and  others  interested  in  agri- 
cultural science.  Other  publications,  in  the  hands  of  the  printer  or  in 
preparation,  will  also  furnish  information  of  interest. 

The  experiment  station  enterprise  rests  upon  the  broadest  consid- 
erations of  the  prosperity,  intelligence,  and  virtue  of  our  peoiile,  and 
on  these  grounds  it  appeals  to  every  citizen  for  discriminating  criti- 
cism and  cordial  support. 
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THE  WHAT  AND  WHY  OF  AGRICULTURAL  EXPERIMENT  STA- 
TIONS. 


WHAT  THE  STATIONS  ARE  FOR, 


FarmiDg  is  a perpetual  trying  of  experiments  with  soils,  manures, 
and  crops ; with  cattle  and  cattle  food  5 with  milk,  butter,  and  cheese  5 
with  plows,  harrows,  and  harvesters ; with  an  almost  endless  list  of 
things.  The  most  successful  farmers— those  who  get  the  most  out  of 
their  land,  their  cattle,  their  crops,  their  fertilizers,  their  implements, 
^ and  their  labor — are  those  who  experiment  themselves  most  industri- 
ously,  most  skillfully,  and  most  intelligently,  and  who  take  the  fullest 
advantage  of  the  experiments  of  others.  The  best  agriculture  is  that 
which,  in  old  countries,  on  worn  and  intractable  soils,  has  learned  by 
long-continued  and  varied  experiment  to  make  the  gain  of  farming  sure.” 

Once  the  farmer  made  the  rude  tools  he  needed  for  the  primitive 
practice  of  his  art.  Now  he  employs  implements  and  machinery  which 
can  be  made  only  with  large  capital  and  the  highest  mechanical  skill, 
and  by  men  who  make  this  manufacturing  a business.  So  the  experi- 
ments which  he  can  make  do  not  meet  his  needs  to-day.  Eesearch,  the 
finding  out  of  nature’s  secrets,  the  discovery  of  the  laws  which  underlie 
the  right  practice  of  agriculture  is  costly.  The  more  useful  it  is  to  be 
the  greater  must  be  the  outlay  of  money,  labor,  and  scientific  skill. 
Here,  if  anywhere,  wise  economy  calls  for  the  best. 

Within  recent  times  farmers  and  men  of  science  interested  in  farm- 
ing have  seen  the  advantage  of  using  the  resources  of  science  to  im- 
prove the  practice  of  agriculture  and  have  established  agricultural  ex- 
periment stations. 

The  object  of  these  stations  is  to  experiment  and  to  teach,  to  make 
a regular  business  of  discovery  for  the  use  of  farming,”  to  promote 
agriculture  by  scientific  investigation  and  experiment,’’  and  to  diffuse 
as  well  as  increase  the  knowledge  which  improves  farm  practice  and 
elevates  farm  life. 

Established  for  the  benefit  of  agriculture  and  hence  of  the  commu- 
nity at  large,  the  most  of  them  connected  with  educational  institutions 
where  experience  shows  their  work  is  most  successfully  done,  these 
stations  seek  answers  to  the  questions  which  agricultural  practice  is 
asking  as  to  the  tillage  of  the  soil  | the  nature  and  action  of  manures  j 
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the  culture  of  crops  f the  food  and  nutrition  of  domestic  animals  and 
of  man;  the  production  of  milk,  butter,  and  cheese;  the  diseases  of 
plants  and  animals ; and,  in  general,  whatever  the  agriculturist  needs 
to  know  and  experimental  science  can  discover. 

But  farmers  have  asked  and  have  received  from  the  stations  more 
than  the  help  to  improve  their  crops  and  their  cattle  and  to  make  more 
money.  They  have  felt  the  need  of  something  higher  and  better  for 
themselves,  their  wives,  their  children,  their  homes,  and  their  profes* 
sion.  In  the  isolation  and  the  day-by-day  struggle  of  farm  life  the 
opportunity  for  intellectual  culture  is  all  too  small.  Modern  science 
reveals  operations  of  nature  in  their  truth  and  beauty,  and  lifts  us,  by 
their  contemplation,  out  of  ourselves  to  higher  things.  It  finds  as  much 
that  is  wonderful  in  the  growth  of  a blade  of  grass  as  in  the  motions 
of  the  planets,  as  much  of  inspiration  in  the  process  by  which  a clod  of 
earth  gives  up  its  fertility  as  in  the  forces  that  keep  the  stars  in  their 
places  in  the  universe.  It  shows  us  how  the  things  we  have  to  deal 
with  in  our  homeliest  toil  connect  us,  if  we  but  understand  the  linking, 
to  what  is  most  elevating  in  man’s  thought  and  hope.  It  helps  supply 
that  food  for  the  mind  without  which  we  starve  in  drudgery,  but  by 
the  strength  of  which  we  rise  to  a higher  plane  of  life.  It  is  for  the 
acquiring  and  diffusing  of  such  knowledge,  which  is  explained  in  books, 
pox)ularized  in  lectures,  and*  disseminated  in  the  columns  of  the  best 
l)apers  ; which  interests  the  home  circle,  and  supplies  themes  for  farm- 
ers’ institutes  and  conventions ; which  helps  farmers  to  improve  their 
business  and  increase  their  incomes  while  it  elevates  farming  as  a pro- 
fession and — what  is  by  no  means  the  least  of  its  benefits— shows  the 
boys  that  it  is  a profession  in  which  brains  can  be  used  with  profit;  it 
is  for  this  as  well  as  for  their  help  to  farm  practice  that  experiment 
stations  are  established  and  their  workers  are  laboring  with  so  much 
enthusiasm. 

WHAT  THE  STATIONS  DO. 

The  stations  make  experiments  in  the  laboratory,  the  greenhouse,  the 
garden,  the  orchard,  the  field,  the  stable  and  the  dairy.  It  is  doubtless 
safe  to  say  that  there  are  few  subjects  which  the  farmer  has  to  deal 
with  in  the  tillage  of  the  soil,  the  saving  and  use  of  manures,  the  cul- 
tivation of  his  crops,  the  care  of  his  stock,  the  management  of  his  dairy, 
and  the  preservation  of  his  croiis  or  stock  from  insect  pests  and  from 
diseases,  that  are  not  being  studied,  directly  or  indirectly,  by  one  or  more 
agricultural  experiment  stations. 

The  space  here  allows  only  a single  illustration  of  the  methods  and 
spirit  of  experiment  station  work.  Suppose  the  question  to  be  one 
of  feeding.  What  are  the  effects  of  differents  kinds  of  fodder,  as  hay, 
corn  meal  or  bran,  fed  to  cows,  upon  the  quantity  or  quality  of  the 
milk  ? Or,  what  feed  shall  we  use  to  make  better  pork  at  less  cost  ? 
Or,  what  are  the  most  economical  rations  for  fattening  steers  or  working 
horses  1 To  get  answers  to  these  questions  the  stations  make  actual 
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tests  by  feeding  the  animals  and  noting  the  results.  These  tests  differ 
from  ordinary  farm  experiments  in  that  they  are  more  elaborate  and 
accurate,  in  other  words,  more  scientific. 

Successful  feeding  is  not  merely  n matter  of  so  much  hay  or  corn  or 
turnips,  but  of  the  nutritive  ingredients  which  they  contain  and  which 
the  animal  digests  and  uses  to  make  blood,  bone,  muscle,  fat,  or  milk, 
or  uses  as  fuel  to  keep  it  warm  and  give  it  strength  for  work.  The 
chemist  of  the  station,  with  the  apparatus  of  his  laboratory,  analyzes 
the  material  fed  5 that  is  to  say,  he  separates  the  food  into  its  constit- 
uent parts  and  finds  just  how  much  of  each  nutritive  substance  the 
animal  consumes.  Sometimes  the  excrement,  the  undigested  portion, 
is  also  weighed  and  analyzed,  so  that  by  comparing  this  with  the  food 
he  learns  how  much  of  the  whole  food  and  of  each  ingredient  the  animal 
actually  digests.  In  experiments  with  milch  cows  the  milk  is  likewise 
weighed  and  analyzed,  and  sometimes  the  cream  is  churned  to  see  how 
much  butter  it  will  make.  In  some  experiments  even  the  air  the  ani- 
mals inhale  and  exhale  is  measured  and  analyzed  with  the  aid  of  very 
elaborate  apparatus.  When  the  feeding  trial  is  done,  the  animal  is 
sometimes  slaughtered  and  the  different  portions  likewise  weighed  and 
analyzed.  By  such  means  the  effects  of  different  kinds  of  fodder  and 
methods  of  feeding  and  treatment  are  learned.  A single  experiment 
often  requires  the  labor  of  several  men  for  weeks  or  months.  The 
same  experiment  has  to  be  repeated  again  and  again  with  different 
animals  under  different  conditions.  So  much  does  it  cost  to  get  relia- 
ble answers  to  the  seemingly  simple  questions  which  farmers  ask. 

A recent  editorial  in  a leading  live-stock  journal  says: 

By  the  feeding  trials  already  conducted,  especially  with  young  animals,  it  has  been 
demonstrated  that  different  feeds  modify  the  relative  proportion  of  the  different  or- 
gans of  the  body;  that  the  blood  can  be  increased  or  diminished;  the  liver  made 
larger  or  smaller;  the  muscular  system  increased  or  decreased  in  proportion  to  the 
rest  of  the  body  » * » [even  the  bones  can  be  made  weaker  or  stronger].  These 

marked  differences  in  results  are  not  produced  either  by  over  or  under  feeding,  but  by 
the  difference  in  the  chemical  constituents  of  the  ration.  Here  is  a side  of  live-stock 
management  that  is  practically  now  to  us,  and  its  development  must  be  of  the  high- 
est importance. 

It  is  an  old  saying  that  the  best  part  of  the  breed  goes  in  at  the 
mouth,”  but  it  has  been  reserved  for  the  experiment  stations  to  show 
how  and  why  this  is  so,  to  give  the  scientific  explanation  of  the  maxim, 
and  to  put  stock-feeding  upon  a more  rational,  that  is  to  say,  a more 
profitable,  basis.  And  they  are  studying  in  like  manner,  and  with  like 
results,  the  other  important  problems  ui)on  which  the  future  progress 
of  our  agriculture  depends. 

ORIGIN  AND  DEVELOPMENT  OF  THE  STATIONS. 

Nearly  forty  years  ago  a company  of  farmers  joined  themselves  to- 
gether in  the  little  German  village  of  Moeckern,  near  the  city  and  under 
the  influence  of  the  IJniversity  of  Leipsic,  called  a chemist  to  their  aid. 
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and,  with  later  help  from  Government,  organized  the  first  agricultural 
experiment  station.  Liebig  in  Germany,  Boussingault  in  France,  Lawes 
and  Gilbert  in  England,  and  other  great  i)ioneers  had  been  blazing  the 
path  of  progress  for  years  before.  A great  deal  of  research  bearing  upon 
agriculture  had  been  and  is  still  being  carried  on  in  the  schools  and 
universities,  but  the  action  of  these  Saxon  agriculturists  in  1851  marks 
the  beginning  of  the  experiment  station  proper — the  organization  of 
scientific  research  with  the  aid  of  government  ‘^as  a necessary  and 
permanent  branch  of  agricultural  business.” 

The  seed  thus  sown  has  brought  forth  many’  fold.  In  185G  there 
were  five  ; in  1861,  fifteen ; in  1866,  thirty ; and  to-day  there  are  more 
than  one  hundred  experiment  stations  and  kindred  institutions  in  the 
different  countries  of  Europe.  In  each  of  these,  from  one  to  ten  or 
more  investigators  are  engaged  in  the  discovery  of  the  laws  that  under- 
lie the  practice  of  farming,  and  in  finding  how  they  are  best  ai)plied. 

So  rapid  and  so  sure  has  been  the  progress  of  this  enterprise  in  both 
hemispheres,  that  private  persons,  educators,  societies,  and  govern- 
ments have  learned  the  usefulness  and  indeed  the  necessity  of  these 
institutions,  not  for  the  farmer  alone,  but  for  all  who  are  dependent 
upon  the  products  of  the  soil.  The  movement  is  extending  to  Asia  and 
to  South  America  j everywhere,  indeed,  its  importance  is  coming  to  be 
felt. 

The  first  agricultural  experiment  station  in  America  was  established 
at  Middletown,  Conn.,  in  the  chemical  laboratory  of  Wesleyan  IJui- 
versity,  in  1875.  The  example  was  speedily  followed  elsewhere  ,*  in 
1880  four  were  in  operation,  and  in  1887  there  were  some  seventeen  of 
these  institutions  in  fourteen  States.  In  that  year  Congress  made  the 
enteri)rise  national  by  an  appropriation  of  $15,000  i^er  annum  to  each 
of  the  States  and  Territories  which  have  established  agricultural  col- 
leges or  agricultural  departments  of  colleges.  This  has  led  to  the  es- 
tablishment of  new  stations  or  the  increased  development  of  stations 
previously  established  under  State  authority,  so  that  there  are  to-day 
forty-six,  or,  counting  branch  stations,  fifty-seven  agricultural  experi- 
ment stations  in  the  United  States.  Every  State  has  at  least  one 
station,  several  have  two,  and  one  has  three.  Before  provision  had 
been  made  by  the  last  Congress  for  the  admission  of  the  new  States 
Dakota  had  established  one  within  her  boundaries  and  several  other 
Territories  are  i^reparing  to  do  likewise. 

These  forty-six  stations  now  employ  over  three  hundred  and  seventy 
trained  men  in  the  prosecution  of  experimental  inquiry.  The  appro- 
priation by  the  United  States  Government  for  the  fiscal  year  just  closing, 
for  them  and  for  the  office  of  exiieriment  stations  in  this  Department,  is 
$595,000  5 for  the  coming  year  it  is  $600,000.  The  several  States  ap- 
l)ropriate  about  $125,000  in  addition,  making  the  sum  total  of  about 
$720,000  given  from  i^ublic  funds  the  present  year  for  the  sui^port  of 
agricultural  experiment  stations  in  the  United  States.  This  may  seem 
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like  a large  sum  to  expend  annually  for  agricultural  experiments,  but 
it  is  less  than  10  cents  for  each  of  the  7,500,000  farm-workers  of  the 
country,  less  than  2J  cents  for  each  of  the  30,000,000  of  our  population 
directly  dependent  upon  agriculture  for  their  support,  and  less  than  IJ 
cents  for  each  of  the  60,000,000  of  our  people  who  consume  the  products 
of  our  farms.  The  farming  lands,  farm  implements,  and  live  sto'ck  of 
the  country  are  estimated  to  be  worth  112,000,000,000.  The  experiment 
stations  cost  us,  therefore,  about  $6.25  a year  for  every  million  dollars 
invested  in  agriculture.  Or,  reckoning  the  annual  value  of  the  prod- 
ucts of  our  farms  at  $2,200,000,000,  we  are  now  spending  about  33J 
cents  for  every  thousand  dollars’  worth  of  products  in  an  attempt  to 
increase  the  value  of  those  products  in  future  years. 

THF  EUROPEAN  STATIONS. 

Of  the  experiment  stations  and  other  like  institutions  for  agricultural 
research  in  Europe,  sixty-two  are  in  Germany.  These  latter  employ 
two  hundred  and  seventeen  scientific  specialists. ' According  to  the 
best  accessible  accounts,  twenty-seven  German  stations  exercise  control 
of  commercial  fertilizers,  twenty-nine  of  feeding  stuffs,  and  thirty  of 
seeds  by  examination  of  wares  in  the  interest  of  the  purchaser  j this, 
however,  in  most  cases,  being  only  part  of  the  work  done.  Some  sta- 
tions follow  a number  of  lines  of  inquiry,  others  confine  themselves  to 
one  or  two.  In  general,  those  have  been  most  successful  which  have 
studied  the  smallest  number  of  questions  in  proportion  to  their  re- 
sources, or,  to  put  it  in  another  way,  experience  has  shown  the  ad- 
vantage of  specializing.  Fifteen  are  devoted  mainly  to  investigations 
in  vegetable  physiology,  including  nutrition  of  plantsj  seven  to  animal 
I)hysiology,  including  feeding  experiments  5 three  to  dairy  industry  j 
four  to  sugar-beet  and  three  to  fruit  and  vine  culture.  Nine  have 
buildings  for  vegetation  experiments,  four  have  special  structures  for 
feeding  experiments  with  animals,  and  two  have  experimental  gardens. 
While  they  conduct  more  or  less  field  experiments  (the  first  station  was 
started  on  a farm),  few  own  experimental  farms,  and  those  few  make 
but  little  use  of  them,  for  the  simple  reason  that  experience  has  shown 
that,  generally  speaking,  the  things  which  most  help  farmers,  outside 
of  what  they  can  study  on  their  own  farms,  the  stations  can  best  find 
out  in  the  laboratory,  the  greenhouse  and  the  experimental  stable. 
They  have  learned  the  costly  but  most  valuable  lesson  that  the  kind  of 
experimenting  which  seems  on  the  surface  the  most  practical  is  ai)t  to 
prove  the  least  useful  and  that  it  requires  abstract  and  profound  research 
to  discover  the  things  which  the  plain,  ordinary  farmer  needs  to  know. 

The  European  stations  have  become  as  firmly  established  as  schools, 
and  for  the  same  reason,  namely,  that  their  value  is  demonstrated  be- 
yond question.  A single  illustration  of  their  usefulness  will  suffice 
here.  “ The  consummate  product  of  applied  farm-science  is  the  Farm- 
ers’ Almanac,  which  tens  of  thousands  of  German  farmers  carry  in 
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their  pockets.  It  contains  a calendar,  tables  of  movable  feasts,  blanks 
for  daily  memoranda,  cash  accounts,  and  so  on,  such  as  we  have  in  our 
diaries.  Then  follow  blanks  for  names  of  workmen,  their  work  and 
wages,  forms  for  registering  cows  and  their  daily  or  weekly  yield  of 
milk,  and  for  other  stock;  other  forms  for  keeping  account  with  each 
field  on  the  farm — its  size,  crop,  manure,  seed,  and  produce,  and  so  on. 
Then  comes  a series  of  tables  and  statements,  which  compress  in  brief 
space  an  amount  of  information  that  is  almost  marvelous. 

“ One  table  gives  the  amount  of  seed  by  weight  or  measure  needed 
per  Prussian  acre  (morgen)  or  hectare,  broadcast  or  in  drills  or  hills, 
for  each  of  ninety-five  different  kinds  of  crops.  Another  gives  what 
they  call  in  Germany  fair  yields  (they  would  be  large  yields  here),  with 
duration  of  germinating  power  of  the  seed,  i)eriod  of  growth  of  the 
plants,  and  what  corresponds  in  German  weights  and  measures  to 
weight  per  bushel  or  bulk  per  100  pounds  of  the  different  kinds  of  prod- 
uce. Further  on  are  tables  of  mixtures  of  grass  seeds  for  different 
soils  and  purposes,  number  of  plants  per  acre,  valuation  of  seeds,  and 
so  on. 

“But  the  most  remarkable  tables  are  those  of  the  chemical  composition 
of  plants,  fertilizers,  feeding-stuff's,  fodder-rations,  and  human  food,  and 
even  of  the  whole  bodies  of  animals. 

“ If  the  farmer  wishes  to  find  how  much  ifiant-food  he  has  removed 
from  his  field  in  a hay  crop  of  5 tons,  he  turns  to  a ^ Table  for  calcu- 
lating the  exhaustion  and  enrichment  of  the  soil,'^  and  finds  that  the  5 
tons  of  hay  would  contain  about  155  pounds  of  nitrogen,  132  pounds  of 
potash,  8J  pounds  of  lime,  4L  pounds  of  phosphoric  acid,  and  so  on. 
The  composition  of  nearly  two  hundred  kinds  of  grasses,  grains,  straws, 
root  crops,  etc.,  are  given  in  this  table.  If  he  now  wishes  to  calcu- 
late how  much  plant-food  he  gives  back  to  his  field  with  a given 
amount  of  manure  he  turns  to  another  part  of  the  table,  and  finds  the 
average  composition  of  one  hundred  and  twenty  six  kinds  of  manures 
and  fertilizing  materials.  There  are,  too,  clear  figures  and  explanations 
to  help  him  calculate  how  the  analysis  of  a fertilizer  compares  with 
standard  articles  of  this  sort  and  what  it  is  worth.  From  other  pages 
he  learns  how  to  calculate  how  much  material  ought  to  be  produced  by 
given  kinds  of  animals  from  given  food,  and  so  on. 

“ Not  a bit  less  valuable  are  the  tables  of  the  composition  of  feeding- 
stuff's  and  fodder-rations.  The  farmer  sees  at  a glance  how  many 
pounds  of  the  valuable  food  ingredients— protein,  carbohydrates,  and 
fats— there  are  in  hay,  straw,  corn-stalks,  bran,  cotton  seed  meal,  and 
two  hundred  and  fifty  other  materials  which  German  farmers  feed 
to  their  stock.  Close  by  is  a table  of  feeding  standards,  which  tells 
how  much  of  each  of  these  ingredients  will  make  a fair  daily  ration  per 
1,000  pounds,  live  weight,  of  oxen  at  rest  in  the  stall,  oxen  at  work, 
milch  cows,  young  cattle,  and  so  on.  By  comparing  the  composition  of 
these  standards  with  that  of  the  feeding  stuff's  in  the  barn  or  store  ra- 
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tioiis  can  be  calculated  which  will  briug  the  largest  amount  of  work  or 
meat  or  milk  at  the  least  cost.  Of  course  these  rules  are  not  to  be  fol- 
lowed blindly  5 experience  and  good  judgment  combined  with  the  rules 
make  the  book  useful  to  the  farmer.” 

The  information  contained  in  the  Almanac  does  not  all  come  from 
the  agricultural  experiment  stations,  but  a large  amount  of  it,  and 
that  which  is  really  most  useful  does  come  from  them  and  would  not 
be  available  without  them.  Nor  is  this  all.  The  disposition  and  abil- 
ity to  use  all  this  are  as  important  as  the  information  itself.  This,  too, 
is  greatly  aided  by  the  scientific  and  educational  work  of  the  stations. 

We  want  the  same  things  in  this  country.  Much  of  the  fruit  of 
foreign  research  and  experience  can  be  made  available  for  our  own  use, 
but  it  needs  working  over  to  fit  it  to  our  needs  and  we  must  have  in- 
dependent investigation  of  our  own. 

WHAT  THE  AMERICAN  STATIONS  ARE  DOINO. 

Although  the  first  of  the  American  stations  was  established  less 
than  fourteen  years  ago  (October  1, 1875),  and  the  majority  of  them  have 
been  in  operation  scarcely  a year,  they  have  already  done  a large 
amount  of  work  scientifically  creditable  and  of  the  largest  practical 
value.  Future  publications  of  this  office  will  describe  what  the  sta- 
tions are  doing  and  explain  the  practical  results.  Only  a few  general 
statements  and  illustrations  can  be  given  here. 

Our  stations  are  conducting  a large  amount  of  scientific  research  in 
the  laboratory  and  the  greenhouse,  and  an  equally  large  amount  of 
practical  experimenting  in  the  field,  the  orchard,  the  stable,  and  the 
dairy.  Some  stations  make  a specialty  of  experiments  with  home-made 
and  commercial  fertilizersj  others  are  endeavoring  to  show  what  can 
be  done  to  restore  the  fertility,  to  worn-out  lands  j others  deal  largely 
with  the  culture  of  fruit  in  orchards  and  vineyards  j others  are  engaged 
on  work  relating  to  the  composition  of  fodders  and  the  methods  of 
storing  them  ; others  are  experimenting  on  the  feeding  of  animals,  and 
still  others  on  diseases  of  animals  and  plants  and  their  cure.  Irriga- 
tion receives  a good  deal  of  attention  in  Colorado,  sugar-making  in 
Louisiana,  wine-making  in  California.  At  least  one  station  is  doing 
something  in  poultry-raising,  and  another  in  the  keeping  of  bees.  Most 
of  the  stations  give  attention  to  several  lines  of  work. 

It  iS'Only  the  older  stations  from  which  we  have  a right  to  expect  the 
most  satisfactory  results.  The  oldest  is  the  Connecticut  State  Station. 
In  this  State  the  farmers  are  especially  interested  in  manures  and  fer- 
tilizers, and  in  cattle  feeding  and  dairying.  This  station  has  naturally 
devoted  a large  share  of  its  attention  to  commercial  fertilizers  and  feed- 
in  g-stuffs.  The  result  has  been  that  inferior  materials  have  been  driven 
from  the  markets  of  the  State,  and  not  only  that,  but  the  farmers  have 
been  taught  much  concerning  the  relative  values  of  the  materials  they 
buy  or  produce  for  feeding  their  crops  and  their  stock,  and  how  to  util- 
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ize  them  most  advantageously.  Besides  this,  and  a great  deal  of  other 
practical  work,  the  station  has  done  much  to  benefit  other  stations  and 
the  agriculture  of  the  whole  country  by  scientific  researches  relating  to 
the  methods  of  agricultural  investigations. 

When  the  station  begun  its  work  in  1875  a number  of  brands  of  ferti- 
lizers then  being  sold  in  the  State  were  analyzed  and  their  composition 
compared  with  the  selling  price.  It  appeared  that,  at  the  rate  farmers 
were  paying,  the  nitrogen  cost  from  10^  cents  to  $1.67,  and  the  soluble 
phosphoric  acid  from  lOf  to  25  J cents  per  pound.  The  report  of  the 
station  for  1888  shows  the  nitrogen  in  the  fertilizers  sold  in  the  State 
in  that  year  to  cost  from  12  cents  to  18  cents,  and  the  soluble  phos- 
phoric acid  from  8 cents  to  8J  cents.  There  were  no  fraudulent  articles 
in  the  market.  Connecticut  farmers  pay  over  $200,000  yearly  for  the 
phosphoric  acid  of  commercial  fertilizers.  In  this  item  alone  the  sta- 
tion saves  more  than  its  cost. 

Before  the  establishment  of  the  stations  very  few  farmers  in  Kew 
England  knew  how  to  judge  of  the  value  of  a guano  or  phosphate 
from  its  composition.  Chemical  terms  were  Greek  to  them.  Of  the 
demands  of  plants  and  the  deficiencies  of  soils  they  had  very  little 
idea.  Two  or  three  years  ago  an  advertisement  of  a firm  of  fertili- 
zer manufacturers  was  circulated  in  Connecticut  and  in  other  States 
thereabouts.  There  was  not  a word  in  it  about  the  remarkable  increase 
of  crops  which  the  fertilizers  would  bring  j there  was  not  a single  recom- 
mendation from  a farmer  who  had  put  them  to  practical  test  and  learned 
their  wonderful  value  j but  there  were  statements  of  percen-tages  of  ni- 
trogen, of  phosphoric  acid,  soluble,  reverted,  insoluble,  and  of  potash  as 
sulphate  and  chloride,  which  the  fertilizers  had  been  guaranteed  by  the 
manufacturers  to  contain,  and  alongside  these  were  given  the  percent- 
ages which  had  been  found  in  the  articles  as  the  farmers  had  bought 
them  and  the  stations  in  tlieir  behalf  had  analyzed  them.  This  is  a 
firm  of  shrewd  business  men  who  manufacture  and  sell  fertilizers  to 
make  money.  They  had  found  that  farmers  had  learned  something  of 
chemistry  and  w^ere  buying  their  fertilizers  on  a scientific  basis,  and 
that  to  get  the  most  and  the  best  trade  it  would  pay  them  to  advertise 
and  sell  on  that  basis. 

At  a meeting  of  the  Connecticut  State  board  of  agriculture,  in  De- 
cember, 1888,  one  day  was  devoted  to  the  experiment  stations,  of 
which  there  are  now  two  in  the  State.  It  has  been  the  policy  of  the 
stations  to  institute  experiments  among  farmers  on  their  own  farms, 
both  for  practical  and  for  educational  purposes.  Some  of  the  experi- 
menters were  present,  and  gave  accounts  of  their  work  regarding  the 
use  of  fertilizers  and  what  they  had  learned  from  it.  They  talked  of 
nitrogen,  phosphoric  acid,  and  potash  j of  agricultural  and  commercial 
values  of  fertilizing  materials;  of  the  feeding  capacities  of  diflerent 
ifiants;  of  the  diflerences  in  soils;  of  the  adaptation  of  fertilizers  to 
soil  and  crop ; of  the  relative  merits  of  commercial  fertilizers  and  farm 
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manures  as  shown  by  the  cost,  composition,  and  effect  upon  quantity 
and  quality  of  crop  produced  j of  the  different  methods  of  applying 
manures,  and  of  other  kindred  topics.  Their  statements  were  scien- 
tifically accurate,  and  the  practical  value  was  so  plain  as  to  be  appre- 
ciated by  every  one  who  heard  them.  One  of  the  station  directors,  a 
college  professor,  remarked  that  he  sat  through  the  whole  discussion 
ready  to  rise  and  make  explanations  if  they  were  called  for,  but  found 
no  occasion  to  do  so,  and  felt  as  though  his  occupation  was  gone. 

The  men  who  thus  united  science  with  practice,  who  showed  their 
fellow-farmers  how  much  of  pecuniary  profit  as  well  as  mental  satis- 
faction there  was  in  all  this  work,  earn  their  living  on  their  own  farms 
by  the  labor  of  their  own  hands.  They  had  enjoyed  no  better  educa- 
tion than  their  neighbors,  Jbut  tliey  had  taken  advantage  of  the  help  of 
the  experiment  station.  Such  men  are  light-houses.  The  value  of  their 
influence  can  not  be  estimated.  Where  such  work  is  done  farming  will 
flourish.  The  tendency  of  such  things  is  to  make  agriculture  a profit- 
able, elevating,  and  attractive  i)rofession. 

The  experience  in  other  States  is  the  same  as  in  Connecticut.  A 
farmer  in  New  Jersey,  who  has  conducted  some  of  these  experiments 
under  the  direction  of  the  station  in  that  State,  says  that  the  simple  fact 
that  he  has  learned  from  them  “ that  his  soil  lacks  potash,’^  which  is 
cheaply  supplied  by  German  potash  salts,  has  already  been  worth  $500 
to  him.  Another  farmer  in  the  same  State  told  the  writer  that  the  in- 
formation he  had  got  from  these  experiments  had  been  worth  more 
than  $2,000  to  him  in  a single  year.  And  it  must  be  borne  in  mind  that 
the  subject  of  fertilizers  ” is  only  one  of  the  many  which  the  stations 
are  working  upon. 

The  first  decade  of  the  life  of  the  North  Carolina  station,  which  was 
begun  in  1877,  has  been  devoted,  for  the  most  part,  to  problems  relating 
to  the  control  of  the  trade  in  commercial  fertilizers,  to  the  investigation 
of  natural  fertilizers  (marls,  phosphates,  etc.),  and  the  best  methods  for 
their  use,  and  to  the  education  of  the  farmers  about  farm  manures  and 
the  best  ways  of  saving,  composting,  mixing,  and  using  them.  Among 
the  valuable  results  due  directly  or  indirectly  to  this  work  are  an  in- 
crease of  14  per  cent  in  the  quality  of  the  commercial  fertilizers  sold  in 
the  State,  and  a decrease  in  the  number  of  acres  devoted  to  cotton  5 the 
establishment  of  fertilizer  factories  and  cotton  seed  oil  mills  in  the 
State,  and  the  making  of  thousands  of  home-made  composts  by  farm- 
ers in  every  section  of  the  State. 

The  New  Jersey  State  station  was  established  March  18, 1880.  Its 
work  has  been  both  scientific  and  practical.  The  analyzing  of  com- 
merciQ-l  fertilizers,  fodders,  and  feeds  offered  in  the  markets  of  the 
State  has  been  largely  and  regularly  carried  on,  with  important  re- 
sults in  securing  purity  of  product  and  honesty  of  dealing,  and  in 
teaching  the  farmers  of  the  State  the  real  commercial  and  agricultural 
value  of  these  fertilizers.  Field  experiments  have  been  made  with 
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a large  variety  of  barn-yard  and  commercial  fertilizers  on  different  crops 
in  most  of  the  counties  of  the  State. 

The  diseases  of  plants,  vines,  and  trees  have  been  studied  and  reme- 
dies sought,  and  the  station  has  tried  to  introduce  new  crops  in  sections 
of  the  State  hitherto  comparatively  barren.  The  sorghum  experiments 
for  this  purpose  have  attracted  attention  throughout  the  whole  country. 
It  is  safe  to  say  that  in  the  scientific  and  practical  value  of  its  work 
this  station  is  equaled  by  extremely  few  of  the  European  stations. 

The  station  had  been  steadily  growing  in  the  favor  of  the  farmers  and 
general  public  of  the  State,  and  is  now  regarded  as  an  educating  agency 
of  the  first  importance.  Farmers  depend  upon  its  work,  manufacturers 
of  fertilizers  are  made  careful,  dealers  in  seeds  and  implements  seek  its 
approval.  The  progress  of  agriculture  in  Kew  Jersey  is  marked  by 
larger  staple  crops,  higher  enrichment  of  the  soil,  extended  cultivation 
of  market  garden  products,  peaches,  and  small  fruit,  and  a great  in- 
crease in  dairying.  Even  from  year  to  year  the  progress  is  plainly 
marked.  That  the  station  contributes  much  to  this  progress  there  is  no 
room  for  doubt. 

Louisiana  has  three  stations,  the  first  of  which  was  established  in 
October,  1885,  by  an  association  of  sugar  planters,  and  the  last  in 
April,  1888.  These  stations  have  already  accomplished  much  useful 
work,  including  investigations  of  the  manurial  requirements  of  various 
staple  crops  of  the  State ; analyses  and  classificafeion  of  the  soils  of  the 
State  5 analyses  of  all  the  commercial  fertilizers  sold  in  the  State;  ex- 
periments with  forty-two  varieties  of  cotton  to  determine  the  relative 
yield  of  liut,  length  of  staple,  and  strength  of  fiber;  and  the  introduc- 
tion, with  the  aid  of  the  United  States  Commissioner  of  Agriculture,  of 
more  than  seventy  varieties  of  sugar-cane,  forty-eight  of  which  are  now 
cultivated  in  the  State.  Each  station  is  the  headquarters  for  a large 
agricultural  association,  which  holds  monthly  meetings  on  the  station 
grounds.  At  the  North  Louisiana  station,  at  Calhoun,  the  farmers  have 
raised  by  subscription  the  means  to  build  a hall  for  these  meetings, 
which  are  frequently  attended  by  several  hundred  farmers.  During 
the  season  for  sugar-making  the  sugar  experiment  station,  which  has 
quite  recently  been  moved  from  Kenner  to  Audubon  Park,  New  Orleans, 
is  visited  by  planters  from  all  parts  of  the  world.  The  average  number 
of  visitors  at  this  station  during  the  past  season  was  about  one  hundred 
a day. 

The  influence  of  the  Wisconsin  station  within  the  State  has  been  very 
marked.  Its  experiments  on  pig  feeding  are  favorably  known  through- 
out the  whole  country.  The  following  extract  from  a letter  from  Di- 
rector Henry  indicates  some  of  the  other  good  things  which  the  station 
has  done  and  is  doing: 

Years  ago  tlie  station,  then  called  the  Experimental  Farm,  sent  out  the  Mansury 
barley,  which  has  been  worth  a very  considerable  sum  to  our  people.  Last  spring, 
after  a year’s  patient  work,  our  first  assistant  chemist  announced  the  completion  of 
a method  by  which  an  ordinary  dairyman,  with  a reasonable  amount  of  care,  can  de- 
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termine  tlie  percentage  of  fat  in  milk  or  cream  with  about  as  much  accuracy  as  the 
chemist  by  the  gravimetric  method.  This  method  of  determining  fat  is  being  brought 
into  general  use  by  dairymen  and  others.  Last  summer  our  chief  chemist,  Dr.  Bab- 
cock, announced  the  discovery  of  fibrine  in  milk,  and  stated  that  this  new  compound 
played  an  important  part  in  the  raising  of  cream.  Work  at  the  station  yet  to  be  an- 
nounced shows  that  this  discovery  is  of  considerable  importance  to  dairymen,  and  m 
it  we  have  an  explanation  of  many  of  the  phenomena  of  milk  and  cream. 

Similarly  favorable  reports  might  be  given  from  stations  from  Maine 
to  California,  and  from  Alabama  to  Michigan,  wherever  the  experiment- 
ing has  been  carried  on  long  enough  to  give  a fair  test  of  its  value. 

Americans  have  the  credit  of  dropping  enterprises  which  do  not  pay. 
It  is  a significant  fact,  therefore,  that  no  State  which  has  once  estab- 
lished a station  has  ever  abandoned  it.  On  the  other  hand,  the  reve- 
nues which  the  stations  derive  from  the  States,  apart  from  those  which 
they  receive  from  the  National  Government,  have  steadily  risen  from 
$2,800,  with  which  the  first  station  begun,  to  more  than  $125,000  in  the 
present  year. 

Even  if  some  of  the  newer  stations  have  as  yet  brought  but  little 
fruit  and  some  that  is  not  well  matured,  we  may  confidently  expect 
before  many  years  to  have  institutions  in  all  the  States,which  will  be  of 
the  highest  service  to  American  agriculture. 

One  most  favorable  indication  is  the  earnest  desire  of  the  managers 
of  the  stations  to  do  the  best  possible  work.  This  has  been  particularly 
manifest  at  the  conventions  of  the  Association  of  American  Agricultural 
Colleges  and  Experiment  Stations,  in  which  matters  of  station  i)olicy 
have  formed  the  principal  theme  of  discussion.  The  underlying  thought 
has  uniformly  been  to  learn  to  do  what  will  best  serve  the  interests  for 
which  the  stations  are  established. 

■ The  experiment-station  enterprise  is  now  equipped  for  its  great  woik. 
From  its  small  beginning,  fourteen  years  ago,  it  has  grown  out  to  the 
farthest  limits  of  our  land,  has  enlisted  the  best  colleges  and  universities 
and  the  ablest  investigators  of  the  country,  and  secured  both  State  and 
national  resources  for  its  service.  It  has  the  favor  not  only  of  leading' 
minds  in  science  and  education  but  also  of  a great  army  of  practical 
farmers,  to  whom  it  has  already,  brought  substantial  benefits.  As  the 
first  Secretary  of  Agriculture  has  jusUy  said: 

Of  all  the  scientific  enterprises  which  the  Government  has  niidertaken,  scarcely 
any  other  has  impressed  its  value  upon  the  people  and  tbeir  representatives  in 
the  State  and  national  legislatures  so  speedily  and  so  strongly  as  this.  The  rapid 
growth  of  an  enterprise  for  elevating  agriculture  by  tbe  aid  of  science,  its  espousal 
by  the  United  States  Government,  its  development  to  its  present  dimensions  in  so 
short  a period,  and,  finally,  the  favor  with  which  it  is  received  by  the  public  at 
large,  are  a striking  illustration  of  the  appreciation  on  the  part  of  the  American 
people  of  the  wisdom  and  the  usefulness  of  calling  the  highest  science  to  the  aid-  of 
the  arts  and  industries  of  life. 

Tbe  present  is  an  auspicious  time  for  this  undertaking.  “In  the  history  of  no 
nation  before  have  there  been  such  a thirst  for  knowledge  on  the  part  of  the  great 
masses  of  the  people,  such  high  and  just  appreciation  of  its  value,  and  such  wide- 
reaching,  successful,  and  popular  schemes  for  self-education;  no  other  nation  has  so 
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large  a body  of  farmers  of  liigli  intelligence ; never  before  has  the  great  agricultural 
public  been  so  willing  and  indeed  so  anxious  to  receive  with  respect  and  use  with 
intelligence  tbo  information  which  science  offers;  never  before  has  science  had  so 
much  to  give.”  The  prospects  then  for  this,  the  largest  scientific  enterprise  in  behalf 
of  agriculture  that  any  government  has  undertaken,  are  full  of  promise. 

THE  OFFICE  OF  EXPERIMENT  STATIONS  OF  THE  DEPARTMENT  OF 

AGRICULTURE. 

The  number  and  diversity  of  problems  to  be  solved  in  the  widely 
separated  sections  of  our  country,  the  need  of  linking  the  stations  to- 
gether, of  helping  to  co-ordinate  their  efforts,  of  bringing  to  them  the 
fruits  of  accumulated  experience,  of  assisting  them  in  research,  and  of 
collating  their  products  and  makiug  them  available  to  the  public  whom 
they  serve,  and  the  evident  propriety  that  the  Department  of  Agricul- 
ture should  aid  the  enterprise  in  these  respects — all  these  considera- 
tions evince  the  wisdom  of  Congress  in  providing  for  a central  office,  as 
a branch  of  this  Department,  to  meet  the  need. 

The  stations  themselves,  through  the  Association  of  American  Agri- 
cultural Colleges  and  Experiment  Stations,  were  the  prime  movers  in 
securing  the  establishment  of  this  office,  and  have  given  to  it  their  cor- 
dial symiiathy  and  support. 


PUBLICATIONS. 

The  stations  publish  bulletins  and  reports  of  their  work,  which  are 
supplemented  by  publications  of  this  office.  Each  station  sends  its  own 
publications,  without  expense,  to  residents  of  its  State  who  apply  for 
them,  and  the  publications  of  this  office,  intended  for  general  distribu- 
tion, are  likewise  sent  on  application. 

A list  of  the  experiment  stations  in  the  United  States,  with  locations 
and  names  of  directors,  may  be  found  in  the  appendix  to  this  Bulletin. 

Communications  intended  for  this  office  should  be  addressed  to  the 
0-ffice  of  Experiment  Stations^  Department  of  Agriculture^  Washington^ 
D.  G. 
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LIST  OF  AGBICULTUEAL  EXPERIMENT  STATIONS  IN  TEN  UNITED 
STATES,  WITH  NAMES  OF  DIRECTORS  AND  ADDRESSESA 

Washington,  D.  C. — U.  S.  Department  of  Agriculture.  Hon.  J.  M.  Rusk,  Secretary 
of  Agriculture.  Hon.  Edwin  Willits,  Assistant  Secretary.  Office  of  Experiment 
Stations  : W.  O.  Atwater,  Director ; A.  W.  Harris,  Assistant  Director. 

Alabama — Aulurn  : Agricultural  Experiment  Station  of  tlie  Agricultural  and  Me- 
chanical College  of  Alabama ; J.  S.  Newman,  Director.  Uniontown:  ^Canebrake 
Agricultural  Experiment  Station ; W.  H.  Newman,  Assistant  Director  in  charge. 
Arkansas — Fayetteville:  Arkansas  Agricultural  Experiment  Station;  A.  E.  Menke, 
D.  Sc.,  Director. 

California — Berlceley  : ^Agricultural  Experiment  Station  of  the  University  of  Cali- 
fornia; E.  W.  Hilgard,  Ph.  D.,  LL.D.,  Director. 

Colorado — Fort  Collins:  Agricultural  Experiment  Station  of  Colorado;  Charles  L. 
Ingersoll,  M.  S.,  Director. 

Connecticut — New  Haven:  The  Connecticut  Agricultural  Experiment  Station;  S. 
W.  Johnson,  M.  A.,  Director.  Storrs:  *Storrs  School  Agricultural  Experiment 
Station;  W.  O.  Atwater,  Ph.  D.,  Director. 

Dakota — BrooMngs : Dakota  Agricultural  Experiment  Station ; Lewis  McLouth, 
Ph.  D.,  Director. 

Delaware— NeiuarZ; ; The  Delaware  College  Agricultural  Experiment  Station ; 
Arthur  T.  Neale,  Ph.  D.,  Director. 

Florida — Bale  City:  Agricultural  Experiment  Station  of  Florida;  J.  P.  DePass, 
Director. 

Georgia — Athens:  ^Georgia  Agricultural  Experiment  Station;  W.  L.  Jones,  M.  D., 
Director. 

Illinois — Champaign:  Agricultural  Experiment  Station  of  the  University  of  Illinois; 

Selim  H.  Peabody,  Ph.  D.,  LL.D.,  Director. 

Indiana— Xa  Fayette:  Agricultural  Experiment  Station  of  Indiana;  Horace  E.  Stock- 
bridge,  Ph.  D.,  Director. 

Iowa — Ames  : Iowa  Agricultural  Experiment  Station  ; R.  P.  Speer,  Director. 

Kansas — Manhattan:  Kansas  Agricultural  Experiment  Station;  E.  M.  Shelton,  M. 
Sc.,  Director. 

Kentucky — Lexington  : Kentucky  Agricultural  Experiment  Station  ; M.  A.  Scovell, 
M.  S.,  Director. 

Louisiana — Audubon  Parle,  New  Orleans : Sugar  Experiment  Station,  No.  1 ; William 
C.  Stubbs,  Ph.  D.,  Director.  Baton  Rouge:  State  Experiment  Station,  No.  2; 
William  C.  Stubbs,  Ph.  D.,  Director.  Calhoun:  North  Louisiana  Experiment 
Station,  No.  3;  William  C.  Stubbs,  Ph.  D.,  Director. 

Maine — Orono  : Maine  State  College  Agricultural  Experiment  Station;  W.  II.  Jordan, 
' M.  S.,  Director. 

tin  the  cases  indicated  by  asterisks  in  the  list  it  is  the  desire  of  the  stations  that  mail  be  addressed, 
not  to  the  directors,  but  to  the  stations. 
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Maryland — Agricultural  College:  Maryland  Agricultural  Experiment  Station ; Henry 
E.  Alvord,  C.  E.,  Director. 

Massachusetts — Amherst : Massachusetts  State  Agricultural  Experiment  Station; 
Chas.  A.  Goessmann,  PL.  D.,  Director.  Amherst  * : Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College;  Henry  H.  Goodell,M.  A.,  Director. 
Michigan — Agricultural  College  : Experiment  Station  of  Michigan  Agricultural  Col- 
lege ; Eohert  C.  Kedzie,  M.  D.,  Acting  Director. 

Minnesota — St.  Anthony  Parle : Agricultural  Experiment  Station  of  the  University 
of  Minnesota  ; N.W.  McLain,  LL.B.,  Director. 

Mississippi — Agricultural  College:  Mississippi  Agricultural, Exi^eriment  Station;  S. 
M.  Tracy,  M.  S.,  Director. 

Missouri— CoZww&ia : Missouri  Agricultural  College  Experiment  Station;  J.  W.  San- 
born, B.  S.,  Director. 

Nebraska — Lincoln : Agricultural  Experiment  Station  of  Nebraska ; Chas.  E.  Bessey, 
Ph.  D.,  Director. 

Nevada — Peno  : Nevada  State  Agricultural  Station;  Le  Roy  D.  Brown,  Ph.  D.,  Di- 
rector. . 

New  Hampshire — Hanover  : New  Hampshire  Agricultural  Experiment  Station  ; G. 
H.  Whitcher,  B.  S.,  Director. 

New  Jersey — Hew  Brunswick:  New  Jersey  State  Agricultural  Experiment  Station ; 
Geo.  II.  Cook,  LL.  D.,  Director.  Neiv  Brunswick : New  Jersey  Agricultural  College 
Experiment  Station;  Geo.  H.  Cook,  LL.D.,  Director. 

New  York — Geneva:  Now  York  Agricultural  Experiment  Station;  Peter  Collier, 
Ph.  D.,  Director.  Ithaca  : Cornell  University  Agricultural  Experiment  Station; 
Isaac  Phillips  Roberts,  M.  Agr.,  Director. 

North  Carolina — Baleigh : North  Carolina  Agricultural  Experiment  Station  ; H.  B. 
Battle,  Ph.D.,  Director. 

Ohio — Columhus : Ohio  Agricultural  Experiment  Station ; Chas.  E.  Thorne,  Director. 
Oregon — Corvallis  : Oregon  Experiment  Station  ; E.  Grimm,  B.  Sc.,  Director. 
Pennsylvania — State  College  : The  Pennsylvania  State  College  Agricultural  Experi- 
ment Station ; H.  P.  Armsby,  Ph.  D.,  Director. 

Rhode  Island — Kingston : Rhode  Island  State  Agricultural  Experiment  Station ; 
Chas.  O.  Flagg,  B.  S.,  Director  pro  tempore. 

South  Carolina — Columbia:  South  Carolina  Agricultural  Experiment  Station;  J. 
M.  McBryde,  Ph.  D.,  LL.D.,  Director. 

Tennessee — Knoxville  : Tennessee  Agricultural  Experiment  Station  ; Chas.  W.  Dab- 
ney, jr.,  Ph.  D.,  Director. 

Texas — College  Station:  Texas  Agricultural  Experiment  Station;  F.  A.  Gulley,  M. 
Sc.,  Director. 

Vermont — Burlington  : Vermont  State  Agricultural  Experiment  Station ; W.  W. 
Cooke,  M.  A.,  Director. 

Virginia — Blacksburg:  Virginia  Agricultural  Experiment  Station;  William  Ballard 
Preston,  Director. 

West  Virginia — Morgantown : West  Virginia  Experiment  Station  ; John  A.  Myers, 
M.  A.,  Director. 

Wisconsin — Madison : Agricultural  Experiment  Station  of  the  University  of  Wiscon- 
sin ; W.A.  Henry,  B.  Agr.,  Director. 
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LOCATIONS  AND  DIRECTORS  OF  THE  AGRICULTURAL  EXPERIMENT 

STATIONS. 


Washington,  I)  C — U.  S.  Department  of 

Alabama — J.  S.  Newman  TTniontoivn;  | 
Canebrake  Station;  J.  S.  Newman.  Athens:  \ 
North  Alabama  Station;  C.L.  Newman.  Abbe-  j 
ville:  Southeast  Alabama  Station;  T.  M.  Wat- 
lington. 

Arizona— rwcso/i;  S.  M.  Franklin. 

Arkansas— Fayetteville : A.  E.  Menko. 
CARWOR^ilA— Berkeley : E.  W.  Kilgard. 

Colorado— Fort  Collins:  C.  L.Ingersoll. 
CONtJECTicuT— iVoio  Haom;  State  Station;  S.  W. 
Johnson.  Storrs:  Storrs  School  Station;  W.  O. 
Atwater. 

Delaware— AeioarA;.-  A.  T.  Neale. 

Florida — Lake  CVy:  J.  P.  De  Pa.ss. 

G&orgi A— Experiment:  11.  J.  Redding. 

Illinois- 0/iamjoai(7R:  S.  H.  Peabody. 

Indiana— id  Fayette:  H.  E.  Stockbridge. 

Iowa— Ames .-  R.  P.  Speer. 

Kansas— JLfan/iattflm;  G.  T.  Fairchild. 

Kentucky — Lexington:  M.  A.  Scovell. 

Louisiana — Audubon  Park.  New  Orleans:  Sugar 
Station.  Baton  Rouge:  State  Station.  Calhoun: 
North  Louisiana  Station.  W.  C.  Stubbs  is  di- 
rector of  the  throe  stations. 

Maine — Orono  W.  II.  Jordan. 

Maryland — Agricultural  College:  H.  E.  Alvord. 
Massachusetts— A m.7iers<;  State  Station;  C.  A. 
Goessmann.  Amherst:  Hatch  Station;  II.  H. 
Goodell. 


Agriculture:  Office  of  Experiment  Stations. 

I lAicmGA^— Agricultural  College:  O.  Clute. 

Minnesota— S't.  A nt/ioni/ Part;  N.W.  McLain. 

I Mississippi — Agricultural  College:  S.M.  Tracy. 
Missouri— OoZRmZu'ct;  E.  D.  Porter. 

Nebraska— ii/icobi:  L.  E.  Hicks. 

Nevada— ieno:  S.  A.  Jones. 

New  Hampshire— Ifanoyer;  G.  H.  Whitcher. 
New  Jersey— Acre  BrunswicK:  State  and  College 
Stations;  M.  E.  Gates. 

New  Mexico- ias  Cruces:  II.  Hadley. 

New  York— Geneva:  State  Station;  P.  Collier. 
Ithaca:  Cornell  University  Station;  1.  P.  Rob- 
erts. 

North  Carolina— H.B.  Battle. 

North  Dakota— Faryo .-  S.  T.  Satterthwaite. 
Onto— Columbus : C.E.  Thorne. 

Oregon — Corvallis:  E.  Grimm. 

Pennsylvania— S'tdie  College:  11.  P.  Armsby. 
Rhode  lnhAKO— Kingston:  C.O.  Flagg. 

South  Carolina— J.  M.  McBryde. 
South  Dakota— iroofcini;*;  L.  McLouth. 
Tennessee — Knoxville:  C.  W.  Dabney,  jr. 

'Irka?,— College  Station:  F.  A.  Gulley. 

Ft: All— Logan:  J.  W.  Sauboru. 

Vermont — Burlington:  W.  W. Cooke. 

V IRGINI.A — Blacksburg : W.  B.  Preston. 

West  Virginia— If or£ran«owj?i ; J.  A.  Myers. 

W ISCONSI.N— ATadtso?! : W.  A.  Henry. 


STATISTICS  OF  THE  STATIONS. 

Under  the  act  of  Congress  approved  March  2,  1887,  which  provides  for  a grant  of 
$15,000  per  annum  to  each  State  and  Territory  for  the  purpose,  experiment  stations 
are  in  operation  in  all  the  States  except  Montana  and  Washington,  and  in  the  Terri- 
tories of  Arizona,  New  Mexico,  and  Utah.  In  each  of  the  States  of  Connecticut, 
Massachusetts,  New  Jersey,  and  New  York,  a separate  station  is  maintained  entirely 
or  in  part  by  State  funds,  and  in  Louisiana  a station  for  sugar  experiments  is  main- 
tained mainly  by  funds  contributed  by  sugar  planters.  In  several  States  branch  or 
substations  have  been  established.  If  branch  stations  are  not  counted  tlie  total 
number  is  50;  including  them  the  number  is  66.  These  stations,  with  this  office,  re- 
ceive, the  current  fiscal  year,  $645,000  from  the  National  Treasury,  and  about  $125,000 
from  State  governments  and  other  sources.  The  agricultural  colleges  and  other  in- 
stitutions with  which  the  stations  are  connected  in  many  cases  supply  buildings, 
ground,  apparatus,  and  materials  for  experimental  work.  Tbe^'  emidoy  about  400 
specialists  and  others  in  the  work  of  investigation.  During  the  calendar  year  1889 
the  stations  published  45  annual  reports  and  237  bulletins.  For  further  statements 
regarding  station  publications,  see  liage  16. 
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THE  WORK  OF  THE  AGRICULTURAL  EXPERIMENT  STATIONS. 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C.,  Mag  29,  1890. 

Sir  : Farmers’  Bulletin  No.  1,  of  this  office,  describes  the  organization,  purpose, 
and  general  character  of  the  work  of  the  agricultural  experiment  stations.  Farmers’ 
Bulletin  No.  2,  herewith  transmitted  for  publication,  contains  a few  illustrations  of 
the  results  of  their  experimental  inquiries  selected  in  part  from  the  report  of  this  office 
for  1889. 


Respectfully, 


W.  O.  Atwater, 

Director. 


Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture. 


ILLUSTRATIONS  OF  THE  WORK  OF  THE  STATIONS. 

• • 

The  following  brief  statements  regarding  the  work  of  the  stations  in 
particular  lines  may  help  to  an  understanding  of  the  nature  and  value 
of  such  experimental  inquiries.  Of  course,  only  a very  few  of  the  points 
of  interest  or  value,  presented  by  the  current  work  of  the  stations,  are 
here  given,  the  object  being  simply  to  indicate  some  of  the  ways  in  which 
the  stations  are  endeavoring  to  aid  the  farmer. 

BETTER  cows  FOR  THE  DAIRY. 

The  need  of  better  cows  for  the  dairy  is  coming  to  be  very  generally 
appreciated.  The  dairy  commissioner  of  Iowa  is  reported  as  saying  that 
the  average  cow  in  that  State  gives  but  3,000  pounds  of  milk  annually, 
while  good  ones  yield  from  5,000  to  0,000  pounds.  The  director  of  the 
Vermont  station  states  that  the  average  yield  per  cow  in  that  State 
is  only  about  130  iiouuds  of  butter  per  annum,  while  there  are  thirty 
dairies  in  the  State  that  average  over  300  pounds  per  cow. 

The  director  of  the  New  York  station  says: 

New  York  has  1,500,000  milch  cows,  probably  producing  ou  au  average  less  than  3,000 
pounds  of  milk  per  year,  and  the  annual  average  butter  product  per  cow  for  the  State 
is  undoubtedly  less  than  130  pounds.  This  should  not  be  when  there  are  whole  herds 
averaging  300,  and  some  400,  pounds  of  butter  per  year  for  each  cow.  Animals  pro- 
ducing these  by  no  means  phenomenal  yields  are  not  confined  to  any  particular  breed, 
and  are  often  grades  of  our  so-called  native  or  no-breed  animals.  Proper  selection, 
systematic  breeding,  and  judicious  feeding  have  produced  these  j)rofitable  animals 
and  herds. 
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The  difference  in  the  milk-producing  qualities  of  different  cows  is 
brought  out  very  clearly  by  a series  of  experiments  conducted  at  the 
Massachusetts  State  station,  of  which  Prof.  0.  A.  Goessmann  is  di- 
rector. They  are  especially  interesting  because  the  cows  and  their  feed 
and  care  were  such  as  are  found  on  the  better  farms  of  Massachusetts, 
and  the  results,  obtained  with  the  appliances  of  a well-equipped  experi- 
ment station,  show  in  accurate  and  full  detail  the  elements  of  actual 
profit  and  loss  as  they  could  not  be  found  in  ordinary  farm  experience. 

These  experiments  have  been  made  with  twelve  cows  and  have  con- 
tinued over  five  years.  Grade  Jersey,  Ayrshire,  Devon,  Durham  and 
Dutch,  and  native  cows  were  used.  They  were  secured  for  the  experi- 
ments a few  days  after  calving  and  fed  until  the  daily  yield  fell  below 
5 or  6 quarts,  when  they  were  sold  to  the  butcher.  The  length  of  the 
feeding  period,  i.  e.,  duration  of  the  experiment  with  each  cow,  varied 
from  two  hundred  and  sixty-one  to  five  hundred  and  ninety-nine  days. 
Hay,  fodder,  corn,  corn  silage,  green  crops,  roots,  and  corn  meal,  wheat 
bran,  and  other  grain  were  used.  The  daily  ration  per  head  consisted 
of  18  to  20  pounds  of  dry  fodder,  or  its  equivalent  of  green  fodder,  and 
from  CJ  to  9|  pounds  of  grain.  Careful  accounts  have  been  kept  of 
the  history  of  each  cow,  including  breed,  age,  number  of  calves,  length  of 
feeding  period,  amounts  and  kinds  of  fodder,  yield  of  milk,  chemical 
composition  of  feed,  milk,  and  manure,  cost  of  cow  and  feed,  and  values 
of  milk  and  manure. 

The  following  is  a recapitulation  of  the  financial  record  of  the  cows. 
The  milk  was  reckoned  at  the  price  paid  for  it  at  the  neighboring 
creameries.  The  value  of  the  manure  produced  is  calculated  by  as- 
suming that  of  the  total  amount  of  food  20  per  cent  would  be  sold 
with  the  milk,  and  the  remaining  80  per  cent  saved  as  manure.  As 
farmers  in  the  region  buy  commercial  fertilizers  for  the  sake  of  their 
nitrogen,  phosi^horic  acid,  and  potash,  it  was  assumed  that  these  same 
ingredients  would  be  worth  <ibout  as  much,  pound  for  pound,  in  the 
manure  as  in  the  better  class  of  fertilizers,  and  accordingly  the  value 
of  the  manure  was  computed  by  taking  the  nitrogen  as  worth.lGJ  cents, 
phosphoric  acid  6 cents,  and  potash  4^  cents  per  pound.  The  return 
for  feed  consumed  represents  what  the  feeder  receives  for  labor,  housing 
of  cattle,  interest  of  capital  invested,  risk  of  loss  of  animal,  etc. 

The  most  profitable  cow  was  bought  for  $60,  fed  five  hundred  and 
eighty-four  days,  and  then  sold  for  $28,  making  her  actual  cost  $32  j 
the  feed  cost  $135.05,  so  that  the  total  cash  outlay  was  $167.05 ; the 
milk  brought  $203.37  at  the  creamery  j the  manure  was  estimated  to  be 
worth  $56.93,  making  the  total  value  received  for  feed  consumed 
$260.30.  Subtracting  the  total  cash  outlay  of  $167.05  from  this,  there 
remains  $93.25  as  net  return  for  feed  consumed.  Deducting  the  esti- 
mated value  of  the  manure,  the  remainder,  ‘‘return  in  excess  of  esti- 
mated value  of  manure,”  is  $36.32.  In  the  average  for  the  twelve  cows, 
the  net  return  was  $50.43,  and  the  return  in  excess  of  the  estimated 
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value  of  the  manure  only  $15.13.  With  the  least  profitable  cow  the 
cash  outlay  for  cow  and  feed  exceeded  the  value  of  the  milk  and  manure 
by  $3.97  5 in  other  words,  the  net  return  for  feed  consumed  was  $3.97 
less  than  nothing..  Subtracting  the  value  of  the  manure,  the  total  loss 
was  $34.25;  that  is  to  say,  allowing  for  the  value  of  the  manure,  the 
results  with  the  twelve  cows  varied  from  a gain  of  $93  to  a loss  of  $3.97. 
Or,  if  the  value  of  the  manure  be  left  out  of  account,  from  a gain  of 
$36.32  to  a loss  of  $34.25. 

It  is  noticeable  that  the  profit  or  loss  did  not  depend  upon  either  the 
breed  or  the  length  of  the  feeding  period.  The  most  profitable  cow,  and 
the  least  profitable  but  one,  were  both  of  the  c^ame  breed.  Of  the  two 
most  profitable  cows,  one  was  fed  for  five  hundred  and  eighty-four  days, 
and  the  other  for  only  two  hundred  and  seventy-eight  days. 

Two  things,  then,  are  brought  out  very  clearly  by  these  experiments. 
One  is  that  in  such  localities  as  this,  the  value  of  the  manure  goes  far 
to  decide  the  profit  in  feeding  dairy  cattle.  Another  is  that  cows  which 
would  ordinarily  pass  for  good  ones  may  differ  widely  in  product. 

To  the  practical  dairyman  these  experiments  teach  clearly  the  differ- 
ence between  cows  which  are  profitable  and  those  which  are  not,  and 
the  importance  of  selecting  the  best  cows  for  his  dairy  and  getting  rid 
of  the  poor  ones.  In  a larger  sense  they  illustrate  to  every  farmer  the 
importance  of  knowing  accurately  the  condition  of  his  business.  Upon 
this  its  Success  or  failure  largely  depends. 

FIBRIN  IN  MILK. 

Besides  feeding  experiments  with  milch  cows,  a considerable  number 
of  the  stations  have  made  investigations  on  subjects  relating  to  dairy- 
ing, including  analyses  of  milk,  butter,  and  cheese ; the  devising  of 
methods  for  testing  milk,  especially  for  butter  fat ; trials  of  methods  of 
creaming  and  butter  making,  and  the  investigation  of  creameries.  A 
brief  account  of  two  of  these  investigations  is  given  below. 

Dr.  Babcock,  of  the  Wisconsin  station,  has  announced  the  discovery 
of  fibrin  in  milk  analogous  to  the  fibrin  of  blood.  Fibrin  is  formed  in 
large  quantities  in  blood  after  it  is  drawn  from  the  veins  and  makes 
the  clot.  This  consists  of  a dense  network  of  minute  threads  or  fibers 
in  which  the  blood  corpuscles  are  entangled.  A similar  clot  occurs  in 
milk,  though  in  far  smaller  quantities.  It  may  be  that  its  formation  is 
due  to  a ferment,  like  the  fibrin  of  blood.  The  fibrin  begins  to  form 
in  the  milk  as  soon  as  it  is  drawn  from  the  cow,  and  the  network  of 
fibers  entangles  the  fat  globules  and  hinders  their  rising  to  the  surface. 
Fibrin  is  therefore  an  important  thing  in  the  dairy,  since  it  tends  to  hin- 
der the  separation  of  the  cream.  The  creaming  of  milk  is  helped  by 
anything  which  retards  or  prevents  the  formation  of  fibrin,  and  churn- 
ing is  aided  by  whatever  breaks  it  up.  Investigations  indicate  that  in 
milk,  as  ordinarily  handled,  the  coagulation  of  fibrin  begins  at  the  sur- 
face and  in  contact  with  the  sides  of  the  vessel ; that  it  is  hastened  by 


contact  with  any  rough  surface,  by  agitation,  and  by  exposure  to  air, 
and  that  it  is  retarded  by  heat,  by  cold,  and  by  certain  chenaicals. 
Apparently  if  milk  is  stirred  but  little  and  set  as  soon  as  possible  after 
milking  in  a clean,  smooth,  metal  vessel  immersed  in  cold  water,  the 
creaming  will  take  place  most  efficiently.  Bright,  smooth  tin  is  excel- 
lent for  the  vessels  and  ice  water  for  the  cooling. 

As  we  shall  see  beyond,  it  is  probable  that  the  “ripening”  of  cream 
is  largely  effected  b}^  the  action  of  bacteria,  in  breaking  uj^  the  fibrin 
•which  incloses  the  fat  globules  of  the  cream  and  in  making  it  easier 
for  them  to  collect  into  butter  when  the  cream  is  churned. 

BACTERIA  IN  MILK,  CREAM,  AND  BUTTER. 

The  following  statements  have  been  collated  from  reports  of  an  inves- 
tigation on  the  bacteria  of  milk,  cream,  and  butter,  conducted  in  behalf 
of  the  Storrs  station.  Connecticut,  by  H.  W.  Conn,  professor  of  biology, 
in  Wesleyan  University. 

What  are  bacteria  f — The  terms  bacterium  (plural  bacteria)  and  microbe 
are  used  to  designate  a class  of  organisms  found  abundantly  in  air,  water, 
soil,  and  in  plants  and  animals.  As  popularly  used  the  terms  include 
a large  number  of  organisms  which  the  naturalists  divide  into  three 
classes,  bacteria,  yeasts,  and  molds.  Bacteria  proper,  which  have 
most  to  do  with  milk  and  cream,  are  found  in  immense  numbers  every- 
where, and  play  an  important  part  in  nature.  They  are  all  extremely 
minute.  In  shape  they  show  three  chief  varieties,  which  may  be  com- 
pared to  a lead  pencil  {bacillus),  a ball  {coccus),  and  a corkscrew  {spirit 
him).  With  the  highest  powers  of  the  microscope  they  appear  as 
scarcely  more  than  simple  dots  and  rods.  They  are  to  be  classed  with 
plants  rather  than  animals,  in  spite  of  the  fact  that  many  of  them  are 
endowed  with  motion. 

What  do  bacteria  do  f — Bacteria  multiply  with  the  greatest  rapidity. 
A single  individual  can  in  a few  days  give  rise  to  countless  millions. 
While  thus  growing  they  produce  great  changes  in  the  substance  in 
which  they  grow.  Fermentation,  such  as  raising  of  bread,  fermenting 
of  beer  and  cider,  and  the  formation  of  vinegar;  putrefaction  and  de- 
cay, such  as  rotting  of  potatoes  and  decay  of  wood,  are  produced  by  the 
bacteria,  yeasts,  and  molds.  They  are  of  immense  value  as  well  as  in- 
jury. Through  their  agency  dead  animal  and  vegetable  matter  is  de- 
composed, and  worked  over  so  that  plants  can  use  it  for  food.  It  is 
doubtful  whether  vegetable  life  could  long  continue  without  their  aid. 
On  the  other  hand,  many  dangerous  diseases — cholera,  scarlet  fever, 
typhoid  fever,  consumption,  bovine  tuberculosis,  hog  cholera,  chicken 
cholera,  etc. — are  produced  by  the  growth  of  micro-organisms  in  t^ 
body.  Although  bacteria  are  so  very  small,  there  are  different  specit. 
just  as  distinct  as  those  of  larger  plants  and  animals.  The  disease 
germs  are  mostly  parasites  u[>on  the  animal  body,  and  many  of  them 
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are  unable  to  live  elsewhere.  The  species  of  bacteria  which  produce 
disease  are  called  pathogenic  bacteria.  But  there  are  many  other  spe- 
cies which  live  free  in  the  air  and  do  no  injury  to  animals.  It  is  with 
these  non-pathogenic  bacteria  that  we  have  to  do  in  the  dairy. 

Bacteria  in  milk. — Bacteria  collect  in  milk  and  cream  that  have  been 
exposed  to  the  air,  grow  readily,  and  multipl/ rapidly.  While  growing 
in  the  milk  they  cause  it  to  sour  and  curdle,  and  induce  other  changes 
in  it.  Milk,  as  drawn  from  the  healthy  cow,  is  free  from  bacteria. 
Under  ordinary  conditions,  however,  it  can  not  be  kept  free  from  them, 
for  they  will  get  into  it  from  the  hands  of  the  milker,  or  the  teats  of  the 
cow^,  or  from  the  air  with  which  the  milk  comes  in  contact.  The  vessels 
in  which  the  milk  is  kept  are  the  most  common  source  of  contamina- 
tion. The  bacteria  collect  upon  the  sides  and  in  the  joints  of  these,  and 
here  develop  in  the  minute  portions  of  milk,  grease,  or  other  matters 
from  which  it  is  difficult  to  free  the  walls  of  the  vessels. 

Effects  of  heat  and  cold — How  to  kill  bacteria. — Within  certain  limits 
heat  increases  and  cold  retards  their  growth.  Different  species  differ 
in  regard  to  the  temperature  at  which  they  grow  best.  Most  species 
find  the  best  conditions  for  growth  at  temperatures  between  70^  and 
100°  F.  A few  will  grow  quite  readily  at  a temperature  below  50^  F. 
A temperature  below  freezing  stops  their  growth.  The  heat  of  boiling 
water  will  kill  the  active  forms,  but  several  successive  boilings  are  re- 
quired to  kill  their  spores  (corresponding  to  seeds).  It  is  not  difficult 
to  destroy  bacteria  after  they  have  once  succeeded  in  getting  into  the 
milk.  This  may  be  easily  done  by  heating  the  milk  to  the  boiling  tem- 
perature for  ten  minutes  upon  three  successive  days.  Milk  thus  de- 
prived of  bacteria  is  said  to  be  sterilized,  and  if  we  prevent  the  further 
entrance  of  bacteria  by  closing  the  vessel  tightly  with  a plug  of  cotton, 
it  will  remain  sweet  indefinitely. 

Rapidity  of  growth  in  milk. — The  number  of  bacteria  present  in  milk 
depends  chiefly  upon  the  length  of  time  that  the  milk  has  been  stand- 
ing and  upon  the  temperature.  Estimates  made  upon  milk  under  dif- 
ferent conditions  have  shown  from  300,000,000  to  600,000,000  per  quart. 
The  effect  of  temperature  is  shown  by  an  experiment ; a specimen  of 
milk  which  had  been  standing  for  four  days  in  a cold  place  was  found 
to  have  about  10,000,000  bacteria  per  quart.  The  milk  was  then  al- 
lowed to  stand  in  a warm  room  for  seven  hours,  and  during  this  time 
the  bacteria  increased  a hundred  fold.  From  this  it  appears  th^t  the 
most  effective  method  of  preventing  milk  from  souring  is  to  keep  it  cool. 
Milkmen  sometimes  find  that  the  morning’s  milk  in  summer  sours 
before  the  milk  of  the  previous  night.  It  is  easy  to  see  why  this  happens. 
Milk  when  drawn  from  the  cow  is  at  a temperature  best  adapted  for 
bacteria  growth.  The  night’s  milking  is  cooled  over  night.  The  morn- 
ing’s milk,  however,  is  poured  directly  into  the  cans  and  the  bacteria 
which  have  entered  it  are  well  started  upon  their  growth  before  the 
night’s  milk  is  warmed  by  the  air.  The  bacteria  in  the  morning’s  milk 
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actually  get  several  hours’  start,  therefore,  of  those  in  the  cooled  milk 
of  the  night  before.  The  immediate  cooling  of  milk  is  thus  of  great 
advantage  in  preventing  its  souring. 

Number  of  species  in  milh. — Between  forty  and  fifty  species  of  bacteria 
have  been  found  in  normal  milk  and  cream.  This  large  number  is  due 
to  the  fact  that  the  milk  may  collect  almost  any  kind  of  bacteria  that 
may  be  floating  in  the  air.  The  individuals  of  most  of  the  species  are 
few  in  number  and  ordinarily  are  of  little  significance.  A few  species 
are  almost  universal  and  extremely  abundant. 

Different  effects  of  the  different  species — Souring  of  milk. — Many  of 
the  species  cause  curdling  of  the  milk.  Some  of  them  do  this  by  the 
production  of  an  acid,  and  the  milk  sours.  Others  curdle  the  milk 
apparently  by  producing  a ferment  like  that  in  rennet,  in  which  case 
the  curdled  milk  may  not  be  sour.  When  a curd  is  formed  it  differs  in 
character  with  the  different  specie.’.  Accompanying  the  curdling  vari- 
ous odors  are  found,  among  which  may  be  recognized  odors  of  the 
cow,  the  barn-yard,  and  even  the  pig-sty.  The  souring  of  milk  is  thus 
more  complex  than  has  been  supposed ; and  while  it  depc^nds  upon  the 
action  of  bacteria,  any  of  a number  of  species,  or  several  combined, 
may  be  the  cause. 

The  ripening  of  cream. — Though  the  presence  of  bacteria  is  a nuisance 
to  the  milkman  it  is  of  positive  advantage  to  the  butter  maker.  The 
ripening  of  cream  undoubtedly  depends  upon  the  presence  of  bacteria, 
though  it  is  doubtful  whether  any  one  species  can  produce  what  is 
known  as  ripened  cream.  Kipened  cream  contains  immense  numbers 
of  bacteria.  Over  100,000  have  been  found  in  a single  small  drop. 
Dairymen  let  their  cream  ripen  before  churning,  because  their  experience 
tells  them  that  the  butter  separates  (“  comes  ”)  more  readily,  has  a 
better  flavor,  and  perhaps  keeps  better.  A plausible  explanation  of 
the  first  fact  is  that  the  bacteria  break  up  the  albuminous  matter  con- 
nected with  the  fat  globules,  so  that  these  globules  are  more  easily 
separated  from  it  and  more  easily  shaken  togetlier  into  large  lumps. 
The  products  of  decomposition  usually  possess  a prominent  odor  and 
taste  and  their  presence  in  the  cream  probably  gives  the  special  flavor 
to  butter  made  from  ripened  cream.  Pure  butter  fat  is  tasteless. 

Cleanliness  in  the  dairy. — Few  people  understand  what  the  thorough 
cleaning  of  milk  vessels  means.  A great  deal  of  milk  is  unnecessarily 
spoiled  by  lack  of  sufficient  care  to  remove  all  material  in  which  bac- 
teria can  grow.  Vessels  in  which  milk  is  kept  can  not  be  properly 
cleaned  by  pouring  boiling  water  into  one,  allowing  it  to  remain  for  a 
few  minutes,  and  then  pouring  it  into  another,  thus  making  one  heating 
do  for  several  vessels.  The  last  ones  thus  treated  will  not  be  much 
cleaner,  so  far  as  bacteria  are  concerned,  than  if  they  were  washed  with 
cold  water.  The  use  of  sal-soda  in  washing  is  advantageous,  because 
it  acts  chemically  upon  fatty  matters,  and  thus  helps  to  remove  these 
and  other  materials  which  adhere  to  the  vessels.  In  like  manner  the 
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use  of  “live  steam  ” to  “ dry  ” vessels  after  washing  lias  the  advan- 
tage of  sterilizing  them,  i.  e.,  killing  the  bacteria.  As  ordinarily  used, 
however,  the  live  steam  does  not  completely  sterilize  the  vessels,  since 
its  effects  are  not  allowed  to  continue  long  enough.  Two  minutes^  action 
of  liv^e  steam  is  not  sufficient  to  kill  the  spores  of  the  bacteria  that  may 
be  hidden  in  the  cracks  of  the  milk  vessels. 

Practical  conclusions. — Three  important  points  in  the  handling  of  milk 
and  cream  are  brought  out  by  these  considerations. 

(1)  The  importance  of  keeping  milk  so  far  as  possible  free  from  bac- 
teria by  the  exercise  of  the  greatest  cleanliness. 

(2)  The  importance  of  cooling  milk  immediately  after  it  is  drawn  from 
the  cow  in  order  to  prevent  the  souring  as  long  as  possible. 

(3)  The  advantage  of  keeping  cream  under  circumstances  favorable 
to  the  growth  of  bacteria  that  induce  ripening. 

In  brief,  vessels  in  which  milk  is  to  be  kept  should  be  most  carefully 
cleaned  before  milk  is  put  into  them.  As  cold  retards  and  heat  up  to 
a certain  limit  favors  the  growth  of  bacteria,  the  advantage  of  keeping 
milk  cold  and  cream  warm  is  easil^^  explained. 

SILOS  AND  SILAGE. 

Silage,  or  ensilage,  as  it  is  often  called,  is  green  fodder  which  has 
been  more  or  less  completely  preserved  in  an  air-and- water-tight  pit  or 
box,  called  a silo.  A number  of  the  stations  have  made  investigations 
regarding  methods  of  building  and  filling  silos,  varieties  of  crops  best 
adapted  for  silage,  growing  of  crops  for  this  purpose,  methods  of  feeding 
silage  to  different  kinds  of  animals,  and  the  chemical  and  other  changes 
which  take  place  in  the  fodder  while  in  the  silo. 

Location  and  construction  of  the  silo. — The  Kansas,  Ohio,  and  other 
stations  have  given  especial  attention  to  these  details.  They  advise 
that  the  silo  be  as  near  the  feeding  place  as  practicable  and  on  the  same 
level.  If,  as  is  very  often  the  case,  the  herd  is  fed  in  a long  shed  or 
barn,  where  the  animals  stand  in  stanchions  in  two  long  rows  facing 
each  other,  with  an  alley  between  them,  the  best  location  for  the  silo  is 
at  one  end  of  the  building,  with  the  door  of  the  silo  opening  opposite 
the  common  alley.  A root  cellar  already  constructed  near  the  feeding 
place  may,  in  some  instances,  be  economically  converted  into  a silo,  or 
a bank  silo  may  be  used,  provided  it  is  so  arranged  that  the  silage  can 
be  withdrawn  at  the  lowest  point.  Experience  seems  to  show  that 
wood  is  the  best  material  for  silos.  Brick  or  stone  is  much  more  ex- 
pensive, and  the  results  obtained  where  cither  has  been  used  have  been 
much  less  reliable  than  with  wood.  Portions  of  stone  walls  belonging 
to  cellars  or  foundations  of  barns  maybe  utilized,  however,  by  covering 
them  on  the  inside  with  wood.  The  method  of  construction  which  on 
the  whole  is  to  be  recommended  is  in  general  terms  as  follows : 

On  a light  foundation  of  stone  set  up  a strong  framework  of  stud- 
ding (2  by  8 to  12  inch  stuff*).  On  the  outside  of  this  frame  put  a layer 
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of  stock  boards,  and  on  the  inside  two  thicknesses  of  matched  boards, 
with  tarred  paper  between.  The  outside  may  also  be  battened  and 
paitited,  though  this  is  not  necessary.  A tight  roof  should  be  added. 
A dry  and  hard  dirt  .floor  will  answer  every  purpose.  The  size  of  the 
silo  should  be  proportioned  to  the  number  of  cattle  to  be  fed.  It  is  bet- 
ter to  have  it  too  large  than  too  small.  A cubic  foot  of  silage  (about 
40  pounds)  per  day  per  animal  seems  to  be  a sufficiently  accurate  calcu- 
lation on  which  to  base  the  size  of  a silo.  From  12  to  15  by  13  to  18 
feet,  and  22  to  24  feet  deep  are  common  dimensions  for  ordinary  silos. 
If  built  much  larger  they  should  be  divided  by  a partition.  The  silo 
should  be  air-tight  and  strong  enough  to  resist  the  great  lateral  press- 
ure which  results  from  compressing  tons  of  material  within  a deep 
box.  An  experiment  at  the  Kansas  station  with  a silo  13  by  18  feet 
and  21  feet  deep  showed  the  lateral  pressure  to  be  about  55  pounds  per 
square  foot  when  the  filling  of  the  silo  was  completed.  For  about  two 
weeks  thereafter  there  was  a small  daily  decrease  in  this  pressure. 

Silage  has  been  successfully  fed  to  a great  variety  of  animals  under 
diflerent  conditions,  and  is  very  generally  considered  a valuable  sub- 
stitute for  dry  fodder  or  roots.  It  seems  specially  adapted  to  cattle, 
but  is  also  fed  with  good  results  to  horses,  swine,  and  i^oultry.  “ Si- 
lage,” says  Professor  Johnson,  of  the  Michigan  station,  is  excellent 
food  for  dairy  cows,  producing  milk  of  the  best  quality.” 

From  experiments  at  the  Wisconsin  station  the  conclusion  was  drawn 
“ that  dairy  cows  readily  consume  a sufficient  quantity  of  corn  silage 
to  maintain  a flow  of  milk  and  yield  of  butter  fully  equal  to  and  rather 
more  than  that  produced  by  feeding  dry  fodder  corn.”  Besides  its 
other  advantages  an  important  consideration  is  that  a larger  amount  of 
food  can  be  stored  in  a given  space  if  silage  is  substituted  for  dry  fod- 
der. The  idea  that  the  small  farmer  can  not  afford  the  silo  is  strongly 
controverted  by  Professor  Johnson.  ‘^The  small  farmer  with  limited 
area  of  land  is  necessitated  to  crop  more  continuously  than  his  neigh- 
bor  with  a much  larger  acreage.  He  needs  in  every  possible  way  to 
secure  the  fertilizing  material  that  shall  replace  the  drains  that  this 
closer  cropping  is  making  on  his  fields.  How  can  he  do  it  so  cheaply, 
so  surely,  as  by  growing  large  crops  of  silage  corn  that  will  give  him 
the  main  fodder  necessary  to  enable  him  to  feed  for  the  market  or  the 
dairy  through  the  winter  much  more  stock  than  his  acres  will  carry  in 
the  summer  ? ” In  a recent  experiment  in  Kansas,  the  actual  cost  of 
cutting  up  the  corn,  hauling  it  50  rods  to  the  silo,  and  storing  it  therein 
was  C2  cents  per  ton.  This  includes  fuel  for  the  engine,  but  no  charge 
is  made  for  the  use  of  machinery.”  Professor  Shelton,  under  whose 
directions  the  experiment  was  made,  has  no  doubt  that  this  expense 
might  be  greatly  reduced. 

Corn  silage  is  not  a complete  ration,  but  should  be  fed  in  connection 
with  some  hay  or  other  dry  fodder  and  grain,  oil-meal,  cotton-seed  meal, 
wlieat  bran,  or  otlier  nitrogenous  food.  This  follows  from  the  fact  that 
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corD  coutaiiis  an  excess  of  carbohydrates  (i.  c.,  substances  which  serve 
the  body  for  fuel  or  are  transformed  into  fat),  and  should,  therefore,  be 
combined  with  feeds  containing  more  nitrogen  to  form  a well-balanced 
ration.  Silage  alone,  however,  may  in  some  cases  produce  better  re- 
sults with  less  expense  than  are  obtained  with  hay  as  an  exclusive  diet. 

It  is  generally  agreed  that  corn  is  the  best  crop  for  silage  in  this 
country.  Dent  varieties  are  preferred  in  most  cases,  though  Southern 
or  silage  varieties  are  recommended  by  some  experimenters  because  of 
the  large  yields  they  give,  and  in  the  extreme  North  certain  of  the  flint 
varieties  may  be  used  to  the  best  advantage.  In  some  localities,  as  in 
Kansas  and  other  Southern  States,  sorghum  is  a very  important  crop 
for  silage.  The  Kansas  station  recommends  medium-growing  saccha- 
rine and  the  non-saccharine  varieties  for  silage,  and  especially  Golden 
Kod,  Late  Orange,  and  Goose  Neck.  The  sorghums  have  some  advan- 
tages over  corn.  “ They  are  less  liable  to  damage  by  insects  and  they 
remain  green  far  into  the  fall,  usually  until  cut  by  frosts,  so  that  the 
work  of  filling  the  silo  may  be  carried  on  long  after  the  corn  plant  has 
ripened  its  crop  and  the  stalks  have  become  worthless.”  Clover,  alfalfa, 
cow-peas,  and  other  forage  plants  have  been  successfully  used  for  si- 
lage, but  corn  and  sorghum  will  undoubtedly  continue  to  be  the  prin- 
cipal crops  used  for  this  purpose. 

Corn  for  silage  should  be  planted  early  enough  in  the  season  to  se- 
cure the  proper  maturity.  The  time  of  i)lauting  will  vary  from  May  10 
to  June  15,  according  to  locality,  season,  and  variety  of  corn.  The  seed 
should  be  planted  in  drills  3 to  3J  feet  apart.  The  Ohio  station  advises 
about  twelve  quarts  of  seed  per  acre  for  most  cases,  though  with  some 
of  the  larger  Southern  varieties  fifteen  quarts  may  be  necessary.  There 
is  still  considerable  variety  of  opinion  as  to  the  proper  time  for  harvest- 
ing the  crop,  though  the  recent  investigations  seem  to  favor  .greater 
maturity  than  was  formerly  thought  desirable.  Chemical  aualyses  re- 
cently made  at  the  New  York  station  indicate  that  for  the  greatest 
amount  of  nutriment,  considered  from  a chemical  standpoint,  corn 
should  not  be  cut  before  it  has  reached  the  milk.stage  of  the  kernel.”  In 
Ohio  it  is  recommended  by  the  station  that  fodder  corn  should  be  cut 
when  the  corn  begins  to  glaze  and  when  the  stalks  begin  to  dry  near 
the  ground.”  But  in  Kansas,  where  intense  heat  and  other  climatic 
peculiarities  hasten  the  ripening  of  the  crop,  it  is  thought  that  harvest- 
ing “ should  not  be  delayed  after  the  corn  is  in  the  early  dough  state.” 

It  is  now  quite  generally  thought  better  to  put  both  stalks  and  ears 
in  the  silo  than  to  use  the  stalks  alone  for  silage.  Before  being  placed 
in  the  silo  the  corn  should  be  cut  into  small  pieces.  Some  experi- 
menters prefer  one-half-inch  lengths,  as  these  will  pack  more  evenly  and 
solidly  than  longer  pieces.  It  is  a good  practice  to  keep  a man  in  the 
silo  while  it  is  being  filled  to  see  that  the  silage  is  packed  as  closely  in 
the  corners  and  along  the  sides  as  elsewhere.  If  the  filling  occupies 
much  time,  so  that  the  silage  becomes  heated,  some  of  the  heated  silage 
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near  tlie  vsides  should  be  from  time  to  time  thrown  into  the  center  and 
replaced  with  the  warmest  silage,  so  as  to  keep  the  temperature  of  the 
whole  mass  as  even  as  possible.  It  seems  to  make  little  difference 
whether  the  filling  is  continuous  or  extended  over  several  days,  provided 
the  work  is  carefully  and  thoroughly  done.  There  is  no  agreement 
among  experimenters  as  to  the  necessity  of  weighting  the  silo.  At  the 
Ohio  station  a wooden  cover  made  of  flooring  boards  well  fitted  to- 
gether was  placed  on  the  silo.  On  this  was  placed  about  a ton  of  sand 
in  boxes,  and  round  the  edge  of  the  cover  next  the  silo  walls  a piece  of 
inverted  sod  to  prevent  the  entrance  of  air.  After  the  silage  had  settled 
about  2 feet,  a ton  of  grass  was  thrown  over  the  boxes  of  sand.  In 
Kansas  a layer  of  tarred  paper,  covered  about  18  inches  deep  with  green 
grass,  has  been  as  effectual  as  weighting  heavily  with  rocks. 

Ferme7itation  in  the  silo. — Recent  investigations  by  Professor  Burrill, 
of  the  Illinois  station,  emphasize  and  help  to  explain  the  fact  that 
silage  is  necessarily  a very  variable  product,  requiring  careful  treat- 
ment. The  corn  or  other  material  used  for  silage  varies  in  maturity, 
in  chemical  composition,  and  in  amount  of  moisture.  Numerous  and 
diverse  chemical  changes  take  place  in  the  silo,  and  the  fermentations 
due  to  the  action  of  the  minute  organisms  classified  as  yeasts,  bacteria, 
and  molds,  are  varied  and  complex.  Until  very  lately  peoide  have  had 
very  little  idea  of  the  influence  of  bacteria  and  other  ferments  in  the 
operations  of  the  farm.  On  pages  G-9  of  this  bulletin  a brief  explana- 
tion is  given  of  the  nature  and  work  of  these  organisms.  Much  re- 
mains to  be  found  out  concerning  their  action  in  the  silo,  for  studies  iu 
this  line  are  only  just  begun. 

The  kinds  of  ferments  which  cause  changes  in  the  silo  include  (I) 
yeasts,  which  cause  the  change  of  sugar  into  alcohol  and  other  fermen- 
tations ; (2)  bacteria,  which  cause  the  formation  of  acids  and  the  heating 
in  the  silo,  and  appear  to  aid  in  the  destructive  changes,  notably  the 
serni-putrid  decoq^position,  accompanied  by  bad  odors,  which  so  often 
occurs  in  old  silage;  (3)  molds,  which  also  cause  putrefaction.  The  yeasts 
found  in  the  silo  do  not  appear  to  be  such  as  cause  ordinary  alcoholic 
fermentation,  and  it  is  doubtful  if  ordinary  alcohol  occurs  in  silage.  The 
hot  fermentation  which  often  takes  place  soon  after  the  silo  is  filled, 
though  not  yet  fully  explained,  is  not  due  to  yeast.  Two  or  more  spe- 
cies of  bacteria  appear  to  be  concerned  in  the  raising  of  the  tempera- 
ture. These  bacteria  are  similar  to  those  which  cause  butyric  fermenta- 
tion, i.  e.,  the  formation  of  butyric  acid  which  is  found  in  rancid  butter. 
The  high  temperature  does  not  destroy  the  bacteria  and  molds  which 
later  cause  acid  fernientation  and  putrefaction.  After  the  heating,  how- 
ever, the  silage  settles  and  the  air  is  excluded.  The  initial  high  tem- 
perature which  these  bacteria  induce  is,  therefore,  probably  most  serv- 
iceable by  causing  this  closer  packing  of  ihe  silage  and  the  exclusion  of 
the  air,  rather  than  by  killing  the  germs  of  other  ferments. 

Ferments  which  induce  the  formation  of  acetic  acid  in  vinegar  and  of 
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lactic  acid  io  milk  are  active  in  the  silo,  and  if  allowed  to  act  produce 
much  acid  and  make  the  silage  sour.  Silage  from  corn,  however  treated, 
contains  the  acid  originally  in  the  stalks.  ‘‘  Sweet  silage’^  is  that  which 
has  in  addition  only  a small  quantity  of  the  acids  formed  by  fermenta- 
tion. What  commonly  passes  for  sweet  silage  is  not  always  the  same 
thing.  It  may  be  obtained  either  with  or  without  heat.  By  the  process 
of  rapid  filling  and  close  packing,  especially  with  the  more  mature  and 
dry  corn,  the  mass  remains  sweet,  simply  because  little  fermentation  of 
any  kind  takes  place  in  the  silo.  If,  on  the  other  hand,  the  silo  is  filled 
slowlj",  the  mass  soon  becomes  very  hot.  This  high  temperature  is  due 
to  the  action  of  bacteria.  ’ After  the  heatiug  the  silage  settles  and  the 
air  is  excluded.  In  this  way  fermentation  is  largely  prevented  and  the 
silage  remains  comparatively  sweet.  Siuce  air  and  moisture  favor  the 
fermentations  which  injure  silage,  it  follows  that  mature  corn,  contain- 
ing less  water  than  that  cut  earlier,  and  close  packing  in  an  air-tight 
silo  are  needed  to  produce  the  best  silage. 

ALFALFA. 

Alfalfa  or  lucern  {Medicago  sativa)  is  a perennial  forage  plant  resem- 
bling clover  in  its  feeding  value,  habits  of  growth,  and  effects  on  suc- 
ceeding crops.  Under  favorable  conditious  it  will  live  from  eight  to 
fifteen  years,  and  does  not  run  out  as  clover  does.  It  has  long  been 
cultivated  in  Europe,  and  is  grown  quite  extensively  in  California  and 
some  of  the  Western  and  Southern  States.  It  seems  probable  that  it 
may  be  introduced  with  advantage  into  many  parts  of  the  Southern 
States  east  of  the  Mississippi,  and  over  a wide  tract  of  the  more  arid 
regions  of  the  Southwest.  It  has  been  grown  successfully  for  the  past 
seven  years  at  the  station  at  Geneva,  New  York,  but  in  recent  experi- 
ments on  thirty  farms  in  different  parts  of  Vermont  it  was  very  largely 
winter-killed.  While  a southern  climate  is  more  favorable  to  alfalfa, 
numerous  experiments  have  shown  that  it  will  do  well  in  manj^  locali- 
ties in  the  Northern  States,  and  when  established  will  produce  from 
three  to  five  crops  each  season  for  a number  of  successive  years.  “Al- 
falfa is  especially  adapted  to  dry  climates,  and  withstands  drouth  yiuch 
better  than  ordinary  clovers.”  For  this  reason  it  is  largely  relied  on 
in  Colorado  and  California,  especially  where  irrigation  is  used. 

Soil. — Alfalfa  prefers  a light,  sandy,  or  loam  soil,  with  a subsoil 
through  which  its  long  roots  can  penetrate.  In  some  cases  its  tap-root 
goes  down  12  to  15  or  even  20  feet.  At  the  New  York  station,  how- 
ever, alfalfa  has  been  successfully  grown  on  a clay  soil.  On  such  a soil 
greater  pains  must  be  taken  to  secure  a good  stand,  but  when  the  plant 
is  once  established  the  character  of  the  subsoil  is  of  more  importance 
than  that  of  the  surface  soil. 

Culture. — Use  fresh  and  pure  seed.  Sow  at  any  time  when  the  ground 
is  in  suitable  condition,  and  when  there  will  be  time  for  the  plants  to 
become  well  established  before  they  are  subjected  either  to  drought  or 
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extreme  cold.  The  soil  should  be  thoroughly  prepared,  aud  the  seed 
sown  at  the  rate  of  15  to  20  pounds  to  the  acre.  If  sown  broadcast, 
about  the  latter  quantity  will  be  required  j if  in  drills,  the  former 
amount  will  be  sufficient. 

In  regions  where  irrigation  is  necessary  the  Colorado  station  advises 
that  the  water  should  be  applied  to  alfalfa  before  cutting,  because  thus 
the  mower  does  its  work  more  efiectively  and  the  growth  of  the  succeed- 
ing crop  is  stimulated. 

Harvesting. — Alfalfa  should  be  cut  during  the  first  period  of  good 
weather  after  the  blossoms  begin  to  appear.  If  allowed  to  stand  too 
long,  its  stalk  becomes  hard  and  woody  and  succeeding  crops  are  likely 
to  be  diminished.  If  designed  for  hay,  it  must  be  carefully  cured  and 
housed,  for  otherwise  its  leaves  will  drop  off  aud  only  a mass  of  bare 
stalks  be  left. 

Asa  collector  of  plant  food. — The  mineral  constituents  of  plants,  such 
as  T)hosphoric  acid,  potash,  and  lime,  are  derived  solely  and  entirely 
from  the  soil.  Kitrogeu,  on  the  other  hand,  may  be  taken  into  the 
plant  from  the  air  or  from  the  soil.  It  now  seems  certain  from  experi- 
ments in  Europe  aud  by  the  Storrs  station  in  Connecticut  that  alfalfa, 
clovers,  i)eas,  and  many  other  plants  belonging  to  the  class  called  le- 
gumes gather  a part  of  their  nitrogen  from  the  air.  The  plants  which 
have  this  power  may  be  called  nitrogen  collectors.  The  legumes  con- 
tain large  quantities  of  nitrogen  in  the  form  of  protein.  The  i)rotein 
compounds  form  blood,  muscle,  tendon,  bones,  aud  other  nitrogenous 
tissues ; hence  the  legumes  are  especially  valuable  for  fodder.  Fur- 
thermore, nitrogen  is  the  most  valuable  constituent  of  manures,  and  is 
by  far  the  costliest  ingredient  of  commercial  fertilizers.  Plants  which 
have  the  power  of  gathering  nitrogen  from  the  air  have,  therefore,  a 
twofold  advantage  for  the  farmer.  As  fodder,  they  supply  the  protein 
which  corn,  corn  stalks,  silage,  straw,  the  poorer  qualities  of  hay,  and 
many  other  food  materials  lack  for  making  meat  and  milk  and  giving 
animals  strength  for  work.  When  they  are  plowed  under  or  fed  to 
stock  aud  the  manure  returned  to  the  ground  they  supply  the  nitrogen 
which  other  crops,  such  as  wheat,  rye,  oats,  grasses,  root-crops,  aud  po- 
tatoes are  unable  to  acquire  for  themselves. 

As  a feeding  stuff. — During  a single  season  alfalfa  furnishes  a large 
amount  of  nutritious  green  forage,  relished  by  all  kinds  of  stock.  It 
should  be  partially  wilted  or  mixed  with  hay  or  straw.  In  the  dry  re- 
gions of  the  West  it  is  much  used  for  pasture,  especially  in  the  fall,  but 
there  is  more  or  less  danger  that  it  will  cause  the  cattle  to  bloat  or  that 
the  plants  will  be  killed  by  close  pasturing.  Cattle,  sheep,  and  horses 
relish  alfalfa  hay  and  seem  to  thrive  on  it. 

Chemical  analyses  and  digestion  experiments  show  that  alfalfa  com- 
pares very  fa\'orably  with  red  clover  both  as  green  fodder  and  as  hay. 
It  may  be  used  either  for  fattening  or  for  milk.  To  secure  a well  bal- 
anced and  economical  ration,  alfalfa,  which  contains  a large  i)ioportiou 
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of  protein,  should  be  fed  with  coru,  wheat  or  oat  straw,  root  crops,  etc., 
which  contain  relatively  large  amounts  of  the  other  food  ingredients 
(carbohydrates  and  fat).  In  many  instances  farmers  might  profitably 
raise  alfalfa  as  a substitute  for  the  wheat  bran,  cotton  seed  meal,  and 
other  materials  which  contain  large  amounts  of  protein,  and  which  they 
are  now  buying  in  order  to  utilize  the  excess  of  carbohydrates  produced 
in  corn  and  other  crops. 

Disadvantages  of  alfalfa.— [1)  It  is  not  easily  established. 

(2)  It  is  less  hardy  than  clover. 

(3)  If  allowed  to  grow  too  long  its  stalks  become  hard  and  woody. 

(4)  Except  in  dry  regions  cattle  can  not  be  safely  pastured  on  it. 

(5)  It  requires  peculiar  treatment  to  make  good  hay. 

Advantages  of  alfalfa. — (1)  When  established  it  does  not  run  out. 

(2)  It  withstands  drought  much  better  than  clover. 

(3)  It  grows  rapidly  and  may  be  cut  early  in  the  season. 

(4)  It  gathers  a large  amount  of  nitrogen  from  the  air  as  well  as 
from  the  soil,  and  is  therefore  very  valuable  as  a fertilizing  crop. 

(5)  It  furnishes  several  large  crops  of  green  fodder  each  season. 

(6)  When  properly  cured  it  makes  an  excellent  hay. 

(7)  It  is  relished  and  digested  by  all  farm  animals  and  is  an  ex- 
cellent flesh  and  milk  producer. 

(8)  It  makes  muscle  rather  than  fat,  and  is  therefore  valuable  to 
use  with  coru  and  other  fat-producing  crops  to  make  a well-balanced 
ration  for  cattle. 

In  brief,  experience  at  the  stations  and  elsewhere  indicates  that  al- 
falfa is  valuable  as  a feeding- stuff  and  as  a fertilizing  crop,  but  that  it 
requires  peculiar  conditions  of  climate  and  soil  for  growth,  and  careful 
culture  and  curing  to  make  it  a profitable  crop.  It  is  worthy  of  re- 
peated and  systematicexperimental  tests  by  farmers,  even  though  in  some 
regions  and  on  some  farms  it  should  prove  a failure. 

FIELD  EXPERIMENTS  WITH  FERTILIZERS — SOIL  TESTS  BY  FARMERS. 

Farmers  in  the  older  States  are  spending  millions  of  dollars  annually 
for  commercial  fertilizers.  In  this  country,  as  in  Europe,  they  have  be- 
come an  absolute  necessit}^  on  worn-out  soils  ; but  to  make  them  i)rofit- 
able  it  is  necessary  that  they  should  fit  the  wants  of  the  soil  and  crops 
for  which  they  are  used.  If  a farmer  buys  potash  for  land  which 
abounds  in  potash  but  needs  phosphoric  acid,  he  of  course  loses.  The 
fundamental  principle  in  the  use  of  commercial  fertilizers  is  to  select 
those  materials  which  supply  in  the  best  forms  and  at  the  lowest  cost 
the  plant  food  which  the  crop  needs  and  the  soil  fails  to  furnish. 

In  order  to  enable  farmers  to  find  out  the  wants  of  their  own  soils 
and  the  best  ways  of  supplying  them,  and  at  the  same  time  to  get 
light  upon  the  properties  of  soils  in  different  sections  of  the  country, 
a number  of  the  stations  are  introducing  soil  tests  with  fertilizers, 
which  are  largely  conducted  both  by  the  stations  and  also  by  individual 
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farmers  ou  tbeir  own  farms.  Of  course,  many  of  the  experiments  are 
failures,  but  many  practical  men  who  have  engaged  in  this  work  have 
declared  that  they  have  thus  learned  a great  deal  which  is  practically 
useful  and  highly  instructive.  A general  plan  for  such  experiments 
ma3^  be  found  in  Circular  Ko.  8 of  this  office. 

The  results  of  these  tests  in  general  show  that  “ soils  vary  greatly 
in  their  capabilities  of  supplying  food  to  crops.  Different  ingredients 
are  deficient  in  different  soils.  The  best  way  to  learn  what  materials 
are  proper  in  any  given  case  is  by  observation  and  experiment.  The 
rational  method  for  determining  what  ingredients  of  plant  food  a soil 
fails  to  furnish  in  abundance,  and  how  these  unfurnished  materials 
can  be  most  economically  supplied  is  to  put  the  question  to  the 
soil  with  different  fertilizing  materials  and  get  the  reply  in  the  crops 
l)roduced.  The  chief  use  of  fertilizers  is  to  supply"  i)lant  food.  It  is 
good  farming  to  make  the  most  of  the  natural  resources  of  the  soil  and 
of  the  manures  produced  ou  the  farm,  and  to  depend  upon  artificial 
fertilizers  only  to  furnish  what  more  is  needed.  It  is  not  good  economy 
to  pay  high  prices  for  materials  which  the  soil  itself  may  yield,  but  it 
is  good  economj^  to  supply  the  lacking  ones  in  the  cheapest  way.” 

FARMERS  AS  EXPERIMENTERS. 

A most  gratifying  outcome  of  these  experiments  is  the  demonstration 
thej"  give  of  the  capacity  of  our  intelligent  farmers  for  experimenting. 
Not  only  do  many  of  them  work  with  true  scientific  spirit,  commenda- 
ble accuracy,  and  marked  success,  but  the  results  thej^  obtain  are  of 
the  greatest  value  for  their  communities  as  well  as  for  themselves.  It 
would  be  easy  to  cite  a large  number  of  cases  in  point.  In  the  carry- 
ing of  science  to  the  farm  and  combining  it  advantageously  with  prac- 
tice, in  the  development  of  talent  for  experimenting  among  farmers, 
and  in  thus  making  the  experimenters  teachers  in  their  communities, 
are  to  be  found  some  of  the  most  satisfactory  of  the  man 3^  encouraging 
features  of  the  experiment  station  movement  in  the  United  States. 

PUBLICATIONS  OF  THE  STATIONS  AND  THIS  OFFICE. 

Each  station  issues  bulletins  and  annual  reports,  which  are  sent  free  of  charge  to 
citizens  of  its  own  State  and,  so  far  as  circumstances  will  allow,  to  applicants  from 
other  States.  The  work  of  the  stations  is  also  summarized  in  publications  of  this 
office. 

The  Office  of  Experiment  Stations  issues  two  classes  of  publications  for  general 
distribution:  1.  Farmers’  Bulletins,  which  are  brief  and  popular  in  character,  and 
are  sent  on  application.  2.  Experiment  Station  Bulletins  and  the  Experiment  Station 
Record,  which  are  more  or  less  technical.  It  is  the  practice  to  send  to  persons  apply- 
ing for  them  one  or  more  numbers  from  which  they  may  judge  of  their  usefulness, 
but  noc  to.place  any  names  upon  the  mailing  list  until  after  receipt  of  a special  ap- 
plication on  blanks  furnished  by  the  office. 

Communications  intended  for  this  office  should  be  addressed  to  the  Secretap.y  of 
Agriculture  for  the  Offi^ce  of  Experiment  Stations^  l)epartmei\t  of  Jijriculture,  IFaah- 
ington,  D.  C, 
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LETTER  OE  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Division  of  Chemistry, 
Washington^  B.  (7.,  March  2, 1891. 

Sir  : The  inquiries  which  the  Department  is  daily  receiving  for  in- 
formation concerning  the  growth  of  sugar  beets  are  so  numerous  as 
to  render  necessary  the  publication  of  a special  circular  ot  information. 
An  elaborate  discussion  of  the  subject  was  presented  in  Bulletin  No. 
27,  but  the  edition  was  so  small  as  to  render  it  impossible  to  send  it  to 
all  who  make  inquiries.  In  the  present  publication  an  attempt  will  be 
made  to  present  in  a condensed  form  the  data  in  possession  of  the  De- 
partment concerning  which  the  most  frequent  inquiries  are  made.  No 
attempt  will  be  made  to  elaborately  discuss  any  of  the  points  connected 
with  the  manufacture  of  beet  sugar.  Those  who  are  particularly  in- 
terested in  this  matter  may  still  be  able  to  obtain  copies  of  Bulletin 
No.  27  before  the  original  edition  is  entirely  exhausted. 

H.  W.  Wiley, 

Chemist. 

Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture. 
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The  bulletins  of  this  series  may  be  obtained  by  applying  to  the  Secre- 
tary of  Agriculture,  Washington,  D.  C.  The  following  have  been  pre- 
viously issued: 

Farmers'  Bulletin  No.  1.  The  What  and  Why  of  Agricultural  Experiment  Sta- 
tions. (A  brief  explanation  of  the  object,  origin,  and  development  of  the  stations, 
their  work  in  Europe  and  in  the  United  States,  and  the  operations  of  the  Office  of 
Experiment  Stations  of  the  Department  of  Agriculture.)  Prepared  by  the  Office  of 
Experiment  Stations,  pp.  16.  Issued  June,  1889. 

Farmers'  Bulletin  No.  2.  The  Work  of  the  Agricultural  Experiment  Stations. 
(Illustrations  of  station  work  in  the  following  lines : better  cows  for  the  dairy ; 
fibrin  in  milk;  bacteria  in  milk,  cream,  and  butter;  silos  and  silage;  alfalfa;  and 
field  experiments  with  fertilizers.)  pp.  16.  Prepared  by  the  Office  of  Experiment 
Stations.  Issued  J une,  1890. 
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THE  CULTURE  OF  THE  SUGAR  BEET. 


By  H.  W.  Wiley, 

Chemist  of  the  Department  of  Agriculture,  and  director  of  the  Department  Beet-sugar 
Experiment  Station  in  Nebraska. 


CLIMATIC  CONDITIONS  FAVORABLE  TO  THE  GROWTH  OF  THE  SUGAR 

BEET. 

Experience  has  shown  that  the  sugar  beet  reaches  its  highest  devel- 
opment in  north  temperate  latitudes.  So  far  as  the  production  of  the 
beet  with  high  tonnage  is  concerned,  it  is  found  that  it  will  grow  far  to 
the  south,  but  beets  grown  in  such  localities,  upon  the  whole,  are  less 
rich  in  sugar  and  less  suitable  for  the  manufacture  of  sugar  than  those 
grown  further  north.  It  must  be  remembered,  however,  that  the  ex- 
pressions noith  and  south  do  not  refer  to  any  absolute  parallels  of  lati- 
tude, but  rather  to  isothermal  lines,  which  in  many  cases  run  obliquely 
to  the  parallels  of  latitude  and  in  some  cases  cross  them  almost  at  right 
angles.  As  a result  of  many  years  of  careful  experimentation,  it  may 
be  said  that  as  far  as  temperature  alone  is  concerned  the  sugar  beet 
attains  its  greatest  perfection  in  a zone  of  varying  width  through  the 
center  of  which  passes  the  isothermal  line  of  70'^  F.  for  the  months  of 
June,  July,  and  August.  This  zone  is  shown  in  a map  in  Bulletin 
No.  27. 

This  isothermal  line,  for  the  United  States,  begins  at  the  city  of  New 
York  and  passes  up  the  Hudson  River  to  Albany;  thence  turning  west- 
ward it  runs  near  Syracuse  and  passes  in  a southwesterly  direction, 
touching  the  shore  of  Lake  Erie  near  Sandusky,  Ohio ; turning  then  in 
a northwesterly  direction  it  passes  into  Michigan  and  reaches  its  highest 
point  in  that  State  near  Lansing;  then  passing  in  a southwesterly  direc- 
tion it  enters  the  State  of  Indiana  near  South  Bend,  passes  through 
Michigan  City,  then  in  a northwesterly  course  continues  through  the 
cities  of  Chicago  and  Madison,  reaching  its  highest  point  near  St.  Paul, 
Minnesota.  Thence  it  passes  in  a southwesterly  direction  until  it  enters 
the  State  of  South  Dakota,  thence  it  turns  again  northwest  and  reaches 
its  highest  point  in  Dakota  just  above  the  forty-fifth  parallel  of  latitude 
where  it  crosses  the  Missouri  River.  The  isothermal  line  then  turns  al- 
most due  south,  following  very  closely  the  one  hundred  and  first  degree  of 
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longitude  until  it  leaves  the  State  of  Nebraska  near  the  northeast  corner 
of  Colorado;  passing  through  a southwesterly  direction  through  Colo- 
rado, it  reaches,  at  Pueblo,  almost  to  the  one  hundred  and  fifth  degree  of 
west  longitude,  whence  it  passes  in  a slightly  southeasterly  direction  into 
New  Mexico,  turns  to  the  west,  and  crosses  the  one  hundred  and  fifth 
degree  of  longitude  at  about  the  thirty-second  degree  of  latitude.  Then 
turning  westward  it  passes  in  a very  irregular  line  through  the  States 
of  California,  Oregon,  and  Washington. 

Extending  a distance  of  100  miles  on  each  side  of  this  isothermal 
line  is  a belt  which,  for  the  present,  may  be  regarded  as  the  beet  sugar 
area  of  the  United  States.  There  are  doubtless  many  localities  lying 
outside  of  this  belt,  both  north  and  south,  in  which  the  sugar  beet 
will  be  found  to  thrive;  but  this  will  be  due  to  some  exceptional  qual- 
ities of  the  climate  or  soil  and  not  to  any  favorable  influence  of  a 
higher  or  lower  temperature.  A mean  temperature  of  70^  F.  in  the 
summer,  however,  must  not  be  regarded  as  the  only  element  of  tem- 
perature which  is  to  be  taken  into  consideration.  In  those  localities 
where  the  winters  come  early  and  are  of  unusual  severity  will  be  found 
greater  difficulties  in  the  production  of  sugar  from  the  sugar  beet 
than  in  those  localities  where  the  winters  are  light  and  mild,  although 
the  mean  summer  temperature  of  both  localities  may  be  represented 
by  70°  F.  As  an  illustration  of  this  difficulty  may  be  cited  northern 
Nebraska  and  South  Dakota  where  the  winters  are  of  great  severity 
and  southern  California  where  there  is  scarcely  any  winter  at  all. 

The  mean  summer  temperature  of  these  localities  is  about  the  same, 
but  the  continuation  of  a summer  temperature  through  the  winter  in 
southern  California  will  greatly  favor  the  manufacture  of  the  beets.  In 
northern  Nebraska  and  South  Dakota  the  beets  which  are  to  be  manu- 
factured during  the  winter  time  have  to  be  protected  by  expensive  silos. 
In  southern  California  and  other  places  similarly  situated  the  beets  can 
be  protected  without  any  covering,  or  at  most  with  only  a slight  cov- 
ering of  leaves  or  straw.  The  season  for  planting  in  a mild  climate  is 
also  longer;  for  instance,  in  southern  California  planting  can  commence 
as  early  as  February  and  continue  till  June,  thus  giving  a beet  crop 
coming  continuously  into  maturity  from  the  1st  of  August  to  the  1st  of 
December.  In  other  localities  the  planting  must  be  accomplished  in 
a short  time,  say  from  the  10th  of  May  till  the  1st  of  June.  Before  the 
first  of  these  dates  the  ground  will  be  too  cold  for  planting,  and  after 
the  second  the  season  will  be  so  late  as  to  prevent  the  maturity  of  the 
beets  before  frost. 

Although  conditions  of  temperature  must  be  taken  into  consideration 
in  selecting  sites  for  beet-sugar  factories,  yet  in  addition  to  the  thermal 
conditions  must  also  be  taken  those  of  rainfall.  The  sugar  beet  requires 
a certain  amount  of  moisture  in  order  to  produce  its  normal  crop.  This 
moisture  must  be  derived  either  from  pfecipitation,  in  the  usual  way,  or 
else  the  soil  must  be  of  that  particular  quality  which  will  allow  subter- 
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ranean  moisture  to  reach  the  rootlets  of  the  plants.  Soil  of  this  latter 
kind  appears  to  exist  in  many  localities  in  California  where  beets  are 
grown  absolutely  without  rain.  Tbe  porous  and  sandy  soils  surround- 
ing man3'  of  the  western  riv^ers,  such  as  the  Platte  River  in  R'ebraska 
and  the  Arkansas  River  in  Kansas,  also  appear  to  furnish  a sufficient 
amount  of  subterranean  moisture  to  produce  a good  crop  in  connection 
with  the  rainfall,  of  which  little  is  expected  in  those  localities  during 
the  summer  months.  We  should,  however,  endeavor  to  secure  locali- 
ties for  the  growth  of  the  sugar  beet  where  we  may  expect  an  average 
summer  precipitation  of  from  2 tot  inches  per  month.  There  are  many 
conditions  of  agriculture  under  which  the  beet  becomes  quite  inde- 
pendent of  extremes  of  precipitation.  The  beet  may  thrive  with  very 
little  rainfall  or  with  a great  deal,  if  properly  cultivated  in  suitable 
soil. 

VARIETIES  OF  BEETS. 

All  kinds  of  sugar  beets  are  botanically  identical  with  the  common 
garden  beet,  Beta  vulgaris.  The  differences  in  varieties  have  arisen  b}’ 
reason  of  special  selection  and  culture,  proilucing  a pure  strain  of  some 
valuable  peculiarity  in  the  beet.  These  accidental  valuable  qualities, 
by  careful  selection,  have  become  fixed,  and  are  associated  with  certain 
external  properties  which  have  thus  come  to  be  regarded  as  distinguish- 
ing characteristics. 

The  shape  and  size  of  the  beet,  its  color,  the  character  of  the  foliage, 
whether  erect  or  spreading,  etc.,  are  the  most  frequent  marks  of  dis- 
tinction. . The  beets  are  also  frequent!}^  designated  b}^  the  names  of 
those  who  have  developed  them,  or  by  the  name  of  the  town  or  locality 
in  which  they  have  been  grown,  or  by  their  color. 

Among  the  more  frequently  occurring  varieties  grown  in  Europe  maj^ 
be  mentioned  the  Vilmorin  Improved,  Klein  Wanzlebener,  Improved 
Klein  Wanzlebener,  White  Excelsior,  White  Imperial,  Simon  Le  Grande, 
Elorimond  and  Bulteau  Desprez  Richest,  Brabant  SugarTIeet,  Rose  Im- 
perial, etc. 

The  two  varieties  which  have  been  most  widely  grown  in  this  country 
are  the  Vilmorin  Improved  and  the  Klein  Wanzlebener.  The  certainty 
that  the  seed  has  been  grown  according  to  the  most  scientific  methods 
is  of  greater  importance  to  the  beet  grower  than  the  variety.  The  beet 
has  reached  such  a high  state  of  perfection  as  to  make  the  least  degree 
of  laxity  in  its  treatment  exceedingly  dangerous  to  its  qualities. 

SOIL. 

The  sugar  beet  does  not  require  a particular  kind  of  soil  for  its  proper 
production.  In  general,  soils  are  described  for  practical  purposes  as 
clayey,  sandy,  loamy,  or  alluvial  soils;  all  of  these  soils  will  produce 
beets.  The  black  prairie  soils  also  have  been  found,  with  proper  culti- 
vation, to  produce  excellent  beets.  Generally,  the  least  favorable  soils 
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for  tbe  sugar  beet  are  a stiff  clay,  which  is  cultiv^ated  with  difficulty  and 
readily  packs  under  the  influence  of  hard  rains  and  hot  suns,  and 
virgin  soils  or  those  especially  rich  in  organic  matter  or  alkaline  salts. 
Perhaps  the  best  soil  may  be  described  as  a sandy  loam ; a soil  con- 
taining a happy  equilibrium  be' ween  organic  matters,  clay,  and  silica. 

In  general  it  may  be  said  that  any  soil  which  will  produce  a good  crop 
of  Indian  corn,  wheat,  or  potatoes  will,  under  proper  cultivation,  produce 
a good  crop  of  sugar  beets.  The  soil  on  which  sugar  beets  are  grown,  how- 
ever, should  be  reasonably  level,  and  this  being  the  case  it  should  be  well 
drained.  Natural  drainage  on  level  soil  being  somewhat  deficient,  it 
is  most  imperative  that  tile  drainage  be  practiced.  It  would  be  useless 
to  attempt  to  raise  sugar  beets  on  level  land  without  tile  drainage,  espe- 
cially in  a rainy  season. 

FERTILIZATION. 

Happily,  in  most  American  soils  there  is  still  sufficient  natural  fertili- 
zation to  produce  a good  crop  of  sugar  beets ; while  in  the  soils  of 
Europe,  where  sugar  beets  have  been  grown  for  years,  the  farmers 
must  depend  on  fertilizers  to  insure  a remunerative  crop. 

Two  kinds  of  fertilizers  are  employed:  stall  manure  from  the  farm, 
and  artificial  manure  generally  known  as  commercial  fertilizers.  For 
general  purposes,  stall  manure  is  better.  It  should  be  applied,  in  a 
well-rotted  condition,  in  the  autumn  before  the  ground  is  plowed.  The 
quantity  per  acre  depends,  of  course,  on  the  fertility  of  the  soil;  but  in 
any  case  it  is  not  best  to  apply  a very  heavy  dressing.  In  poor  soils  it 
is  best  to  apply  the  fertilizer  for  several  years  in  succession,  rather  than 
to  apply  enough  at  once  to  bring  it  up  to  the  required  state  of  fertility. 
Too  copious  an  application  of  stall  manure  is  apt  to  produce  overgrowth 
in  the  beets,  which  makes  them  ill-suited  to  the  manufacture  of  sugar* 
If  the  fertilizer  be  applied  in  an  unrotted  condition,  it  is  apt  to  seriously 
injure  the  crop  in  case  of  dry  weather. 

Of  commercial  fertilizers  three  classes  are  employed,  containing 
respectively  nitrogen,  phosphoric  acid,  and  potash.  In  some  instances 
these  three  elements  are  found  combined  in  the  same  commercial  ferti- 
lizer. Nitrogenous  manure  should  be  applied  with  great  care  to  sugar 
beets.  It  tends  to  produce  a very  heavy  growth  of  the  beet,  and  thus 
to  diminish  its  content  of  sugar.  Potash  and  phosphoric  acid  can  be 
applied  with  great  freedom  to  beet  fields ; they  act  much  better  in  con- 
junction than  when  applied  separately. 

The  principles  of  fertilization  depend  upon  the  fact  that  the  soil 
should  have  returned  to  it  all  that  the  harvest  has  removed  in  respect 
to  mineral  substances  and  nitrogen. 

Nothing  can  be  more  certain  than  that  a soil  to  which  tliis  restoration 
is  not  fully  made  will  gradually  lose  its  faculty  to  produce  plants  in  nor- 
mal quantity  and  composition.  Culture  experiments  with  artificial 
food  liquids  have  not  been  carried  so  far  with  the  beet  as  with  some 
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other  plants  and,  therefore,  the  dependence  between  the  composition  of 
such  liquids  and  the  evolution  of  the  beet  has  not  yet  been  determined. 
The  basis  is  also  winting  whereon  the  direct  working  of  the  manure  on 
the  beet  can  be  predicted ; and  here  is  met  the  well  known  difficulty  of 
getting  the  manures  into  those  layers  of  the  soil  from  which  the  beet 
chiefly  draws  its  supplies. 

Since  experience  has  taught  that  beets  raised  on  fields  freshly  ma- 
nured with  stable  manure  are  inferior  for  purposes  of  manufacture,  the 
rule  has  long  been  established  that  not  the  beets,  but  the  previous  crop 
should  be  fertilized,  or  that  the  beets  should  be  raised  in  rotation  as 
the  second  or  even  third  crop.  Unfortunately  this  rule,  so  important 
to  the  factories,  is  not  always  observed,  and  as  a consequence  of  heavy 
manuring  heavy  crops  have  been  produced,  but  at  the  cost  of  diminished 
sugar  content  or  lessened  price.  This  rule  applies  especially  to  stable 
manure  and  night-soil,  as  well  as  to  Ghili  saltpeter,  the  misuse  of  which 
has  had  such  serious  consequence  for  factories,  but  not  to  phosphatic 
manures,  which  usually  exert  a favorable  influence  upon  the  crop. 

The  constituents  to  be  taken  into  account  in  the  necessary  restitution 
to  the  soil  for  beets  are  potash,  phosphoric  acid,  magnesia,  and  nitro- 
gen. Following  are  the  quantities  of  these  constituents  in  1,000  pounds 
of  beets  and  beet  leaves,  averaged  from  numerous  analyses: 


Constituents. 

Boots. 

Leaves. 

Potash 

Pounds. 

3.3 

0.8 

0.5 

1.6 

7.1 

Pounds. 

6.  5 
1.3 
3.0 
3.9 
18.1 

Phosphoric  acid 

Mapriftsia. - 

N itrogen  

Total  ash 

It  will  be  seen  from  the  relation  between  the  roots  and  leaves  that 
the  amounts  abstracted  b^^  the  latter  are  considerably  greater  and 
deserve  especial  consideration  in  case  the  leaves  are  not  left  in  the 
field.  From  this  point  of  view  the  leaves  should  be  left  in  the  field.  It 
is  certain  that  a complete  restitution  can  not  be  made  otherwise.  The 
form  in  which  the  above-mentioned  plant  constituents  shall  be  returned 
to  the  soil  is  established  for  phosphoric  acid  and  magnesia,  and  partly 
for  nitrogen  j superphosphates,  with  greater  or  less  content  of  phos- 
phoric acid,  or  with  addition  of  nitrogenous  element,  are  of  universal 
application.  As  has  been  shown  by  direct  investigations,  the  magnesia 
is  nearly  all  returned  in  the  press  cakes  from  the  factory,  though  a 
more  uniform  distribution  is  much  to  be  desired. 

The  soil  ingredients  most  essential  for  successful  production  of  the 
sugar  beet  are  nitrogen,  phosphoric  acid,  potash,  lime,  and  magnesia. 

Most  soils  contain  a sufficient  quantity  of  magnesia,  and  the  press 
cakes  from  the  factory,  which  should  be  returned  to  the  soils,  will  sup- 
ply any  deficiency.  The  same  is  true  in  regard  to  lime,  although  there 
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are  soils  iu  which  the  supply  of  lime  is  naturally  deficient.  Such  soils 
would  be  benefited  by  an  application  of  land  plaster,  burned  lime,  or 
ground  shells.  Phosphoric  acid  and  potash  are  supplied  in  the  form  of 
ordinary  commercial  fertilizers,  as  ground  bone  and  kainite  or  as  super- 
phosphate combined  with  some  potash  salt.  Of  the  various  potash  com- 
pounds found  in  natural  deposits  none  are  to  be  preferred  to  others; 
preference  is  due  only  to  compounds  with  organic  substances.  Conse- 
quently the  molasses,  or  its  residue  after  distillation  and  the  liquors  of 
the  molasses-working  processes,  all  rich  in  potash,  are  themselves  most 
valuable  materials  for  potash  fertilization  and  should  be  carefully  pre- 
served for  such  use.  It  must  not  be  supposed,  however,  that  the  de- 
mand for  potash  will  be  satisfied  by  returning  to  the  soil  the  molasses 
from  the  crop  of  beets  in  the  form  of  waste  products.  Aside  from  the 
leaves,  for  which  if  taken  from  the  field  a largely  increased  potash  re- 
turn must  be  made,  the  molasses  itself  does  not  represent  the  entire 
amount  of  potash  taken.  Factories  which  produce  raw  sugar  sell  with 
it  also  potash,  and  in  all  factories  the  waste  waters  carry  potash  com- 
pounds sufficient  to  account  for  the  difference  between  the  amount  of 
potash  in  the  beets  and  in  the  molasses. 

Phosphoric  acid  is  best  supplied  in  the  form  of  ground  bone,  super- 
phosphate, or  basic  slag  from  the  blast  furnaces.  Nitrogen  may  be  sup- 
plied in  the  form  in  which  it  exists  in  ground  bone  or  from  the  refuse 
of  the  slaughter  houses  in  the  form  of  dried  blood  and  tankage,  or  as 
cotton-seed  meal  or  oil  cake,  or  as  nitrate  of  soda. 

As  for  the  relation  which  the  quantity  of  material  returned  should 
bear  to  the  quantity  abstracted,  it  may  be  said  in  general  that  it  is  de- 
sirable to  return  as  much  nitrogen,  one  and  a quarter  to  one  and  a half 
times  as  much  potash,  and  two  and  a half  times  as  much  phosphoric 
acid  as  has  been  abstracted.  The  greater  additions  of  potash  and  phos- 
phoric acid  have  no  disadvantageous  effects  upon  the  crop.  Direct  in- 
vestigations in  regard  to  the  relation  between  the  sugar  and  potash  in 
consecutive  crops  for  many  years  have  failed  to  give  the  least  ground  for 
a contrary  conclusion.  But  it  must  not  be  expected  on  the  other  hand 
that  increasing  fertilizations,  especially  potash  fertilization,  will  pro- 
duce proportionately  increasing  crops,  as  has  been  asserted  by  some. 

EFFECT  OF  NITROGENOUS  MANURES  ON  THE  QUALITY  OF  THE  BEET. 

The  opinion  has  generally  prevailed  among  beet-growers  during  late 
years  that  heavy  nitrogenous  manuring,  especially  with  nitrate  of  soda, 
produces  no  injurious  effect  on  the  quality  of  the  beet.  This  opinion 
was  based  on  the  fact  that  iu  such  beets  the  sugar  percent,  was  only 
slightly  diminished.  Nevertheless  the  quality  of  a beet  may  be  impaired 
even  with  little  or  no  diminution  of  the  sugar  content  by  reason  of  the 
increase  of  the  ])ercentage  of  non-sugars  present. 

It  has  been  shown  that  heavy  manuring  with  nitrogenous  substances 
greatly  injures  the  quality  of  the  beet  for  sugar- making  purposes.  The 
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apparent  coefficient  of  purity  of  the  juice  is  also  frequently  misleading 
since  it  take  no  account  of  the  nature  of  the  non-sugars  present. 

The  real  purity  of  the  beet  is  also  to  be  distinguished  from  the  appar- 
ent purity  of  the  juice.  The  real  purity  of  the  beet  is  obtained  by  di- 
viding the  percentage  of  sugar  in  the  beet  by  the  total  solid  matter 
therein  ; the  apparent  purity  of  the  juice  by  dividing  the  percentage  of 
sugar  therein  by  the  apparent  percentage  of  solids  as  indicated  by  the 
Brix  spindle.  Judicious  fertilizing  with  nitrate  of  soda,  however,  is 
beneficial. 

ROTATION. 

Beets  do  best  after  wheat  or  some  other  cereal.  It  is  true  that  soils 
on  which  beets  have  not  been  grown,  as  the  soils  of  this  country,  may 
produce  beets  for  several  years  without  harm.  Nevertheless,  proper 
rotation  is  always  desirable. 

A good  scheme  of  rotation  is,  first  wheat,  then  beets,  then  clover,  one 
crop  of  which  is  cut  for  hay  and  the  second  crop  plowed  under,  then 
potatoes,  wheat,  and  beets  in  the  order  mentioned.  By  this  method 
and  a judicious  use  of  stall  manure  and  commercial  fertilizers,  the  fer- 
tility of  the  soil  can  be  maintained  and  even  increased.  Beets  should 
follow  wheat  or  a cereal  crop,  because  this  crop  being  harvested  early 
leaves  the  ground  ready  for  autumn  plowing,  a prerequisite  to  success- 
ful beet  culture. 

PREPARATION  OF  THE  LAND  FOR  PLANTING. 

The  field  in  which  beets  are  to-  be  planted  should  be  selected  and 
plowed  in  the  autumn  to  the  depth  of  at  least  9 inches.  The  plow  in 
each  furrow  should  be  followed  by  a subsoiler,  which  will  loosen  the  soil 
to  the  depth  of  6 or  7 inches  more.  A convenient  subsoil  plow  is  shown 
in  Fig.  1.  Each  field  to  be  planted  in  beets  should  thus  have  the  soil 


Fig.  1. 

prepared  by  thoroughly  loosening  it  to  the  depth  of  from  15  to  18  inches. 
The  laud  being  exposed  through  the  winter  becomes  quite  mellowed, 
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and  in  the  spring  can  be  prepared  for  planting  by  a simple  preparation 
of  the  surface.  This  should  be  done  by  a thorough  cultivating  until  the 
surface  of  the  soil  is  reduced  to  perfect  tilth,  and  it  then  can  be  marked 
out  for  planting.  No  further  preparation  is  necessary.  It  is  desirable, 
however,  that  each  portion  of  the  field  to  be  planted  should  be  thor- 
oughly prepared  imtnediately  before  the  planting  takes  place.  For  in- 
stance, if  the  planting  is  to  be  made  on  a given  day,  the  soil  should  be 
thoroughly  prepared  on  the  previous  day.  Thus  all  weeds  and  grasses 
which  have  started  to  grow  are  killed,  and  the  beets  have  an  even 
chance  with  the  weeds  for  growth.  If,  on  the  other  hand,  the  soil  be 
prepared  several  days  or  even  a week  before  planting,  the  weeds  and 
grasses  get  a good  start  and  it  is  difficult  then  tor  the  beets  to  thrive. 

PLANTING. 

The  beets  may  be  planted  either  by  hand  or  by  drill.  Hand  planting 
is  preferred  when  a very  small  plot  is  to  be  put  in  beets,  but  where  a 
field  embracing  several  acres  is  to  be  planted,  hand  planting  becomes 
too  slow.  In  such  cases  planting  by  drill  is  best.  Almost  any  garden 
drill  can  be  adapted  to  use  with  beet  seed.  A special  drill  for  sugar 
beet  seed  is  furnished  by  the  Deere-Mausur  Company,  of  Moline,  Illi- 
nois. It  is  represented  in  Fig.  2.  The  form  of  drill  represented  in 


Fig.  3 may  also  be  used.  In  hand  planting  the  beets  maybe  placed  in 
hills,  several  seeds  being  planted  in  each  hill,  and  thus  the  cultivation 
of  the  beets  be  facilitated.  In  planting  by  drill  it  is  necessary  to  plant 
from  15  to  20  pounds  of  seed  per  acre ; in  planting  by  hand  from  10  to 
15  pounds  will  be  found  sufficient. 
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The  beets  should  be  covered  to  the  depth  of  one-half  to  one  and  one- 
half  inches,  according  to  the  condition  of  the  soil.  If  the  soil  be  moist 
and  in  excellent  condition  the  beet  seed  should  not  be  covered  more 


Fig.  B. 


than  half  an  inch.  If,  on  the  other  hand,  the  soil  be  very  dry,  they 
should  be  covered  to  the  depth  of  one  and  a half  inches. 

CULTIVATION. 

As  soon  as  the  beets  are  large  enough  to  mark  the  rows,  cultivation 
with  the  horse  or  hand  hoe  may  be  commenced.  This  is  essential  if  the 
grass  and  weeds  appear  above  ground  at  the  same  time. 

When  large  helds  are  cultivated  the  horse  hoe,  made  by  Bajac,  ot 
Paris,  shown  in  Fig.  4,  may  be  used.  For  smaller  fields  a similar  appa- 
ratus, drawn  by  hand,  may  be  employed.  Convenient  instruments  ot 
this  kind  are  shown  in  Figs.  5 and  G.  This  plow  frees  the  spaces  between 
the  rows  of  beets  from  weeds  and  yet  prevents  the  growing  beets  from 
being  covered  by  the  loose  soil. 

When  the  beets  show  four  leaves  the  process  of  thinning  should  take 
place.  If  the  rows  be  IS  inches  apart  a vigorous  plant  should  be  left 
every  8 to  10  inches.  Careful  selection  should  be  made  and  all  the 
puny  plants  destroyed.  It  is  better  to  save  the  vigorous  plants  even  if 
regular  intervals  are  not  preserved,  but  no  space  should  be  left  greater 
than  12  to  15  inches  in  extent.  Much  of  the  thinning  work  can  be  done 
by  a narrow  hoe,  but  where  the  plants  are  very  close  together,  at  the 
place  where  the  preserved  plant  is  to  grow,  the  work  must  be  done  by 
hand.  It  is  well  to  have  a thorough  hand  hoeing  at  the  same  time,  and 
the  subsequent  cultivation,  in  most  seasons,  may  be  carried  on  with 
horsepower. 
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Fig.  5. 
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When  the  beets  are  more  advanced  a few  deeper  cultivations  may  be 
desirable,  and  for  these  any  good  narrow  cultivator  may  be  used  for  sin- 


FlCx.  6. 


gle  rows  or  wider  ones  for  double  rows.  The  instruments  shown  in 
Figs.  7 and  8 will  be  found  suitable  to  this  kind  of  work.* 


The  cultivation  in  all  cases  should  be  conducted  for  the  double  pur- 
pose of  keeping  the  beets  entirely  free  from  weeds  and  for  preserving 
the  proper  tilth  of  the  surface  of  the  soil.  It  may  be  said  that  at  least 

* Figs.  6,  7,  and  8 are  from  electrotypes  furnished  by  S.  L.  Allen  & Co,,  of  Phila- 
delphia; Figs.  1 and  3,  by  the  Moline  Plow  Co.,  and  Figs.  2 and  5 by  the  Deere- 
Mansur  Co. 
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once  a week  during  the  period  of  growing,  lasting  from  6 to  8 weeks, 
the  beet  field  should  be  cultivated.  If  the  season  be  very  dry,  more 
frequent  cultivation  will  be  found  useful.  The  final  cultivation  should 


leave  the  soil  practically  level.  During  cultivation  care  should  be 
taken  not  to  iujure  either  the  leaves  or  the  root  of  the  beet,  and  when 
the  foliage  of  the  growing  crop  begins  to  cover  well  the  surface  of  the 
soil  cultivation  may  be  suspended. 


COST  OF  GROWINO  BEETS 


The  cost  of  growing  an  acre  of  beets  depends  on  so  many  varying 
factors  as  to  render  it  impossible  to  give  an  estimate  which  is  reliable 
for  every  locality.  The  differences  in  rent  of  land,  cost  of  labor,  meth- 
ods of  culture,  etc.,  require  that  any  estimate  which  may  be  given 
should  be  revised  for  almost  every  locality.  The  following  estimate  of 
maximum  cost  per  acre  is  based  on  the  supposition  that  land  is  worth 
$75  per  acre,  labor  $1  per  day,  the  yield  15  tons  per  acre,  and  that  the 
distance  to  the  factory  is  1 mile  : 

Rent  of  land $5.  00 

Plowing,  subsoiling,  and  preparing  for  planting 5.  00 

Fertilizers 10.  00 

Cost  of  seed 2. 25 

Planting 1.75 

Hoeing  and  thinning 6.  00 

Cultivating  with  horse-hoe  five  times 5.  00 

Harvesting 5.  00 

Topping 12.  00 

Delivering  to  factory  7. 50 

Total 59.  50 

Value  of  15  tons,  at  $4.50  67.  50 

In  the  above  estimate  has  been  included  the  cost  of  the  best  culture 
and  a reasonable  application  of  fertilizer.  It  is  probable  that  the  actual 
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cost  to  our  farmers  for  the  first  few  years  of  the  beet  industry  will  not 
exceed  $45  or  $50  per  acre.  The  i)rice  paid  for  the  beets  is  also  a min- 
imum. It  will  not  be  long  before  first-class  beets,  delivered  to  the  fac- 
tory, will  be  worth  at  least  $5  per  ton. 

It  is  therefore  believed  that,  accidents  of  season  aside,  a net  profit  of 
from  $8  to  $15  per  acre  may  be  expected  from  the  proper  culture  of  the 
sugar  beet  in  localities  near  a factory. 

In  contrast  with  the  above  estimate  I give  the  actual  figures  submit- 
ted by  Mr.  J.  Thomssen,  of  Hall  County,  Nebraska,  in  a letter  published 
in  the  Prairie  Farmer,  on  the  3d  of  January,  this  year.  The  cost  is 


given  for  a field  of  5 acres ; the  items  are  as  follows ; 

Fall  plowing,  at  $1  per  acre f5. 00 

Plowing  in  spring,  at  1 1.  25 6.25 

Rollingtwice,  once  before  and  once  after  planting 1.50 

Planting  by  band,  at  75  cents  per  acre 3.  75 

Cultivated  with  hoe,  at  75  cents 3. 75 

Thinning,  at  $10 50.  00 

Hoed  by  hand  three  times  and  weeding  necessary  at  time  of  hoeing 90.  00 

Cultivated  by  horse  twice,  at  75  cents 7. 50 

Running  over  with  hoe  to  clear  from  remaining  weeds 3. 75 


Total 171.50 

Dividing  this  by  5 gives  a total  of  $34.30  per  acre. 


As  will  be  seen  from  the  above,  Mr.  Thomssen  makes  no  allowance 
for  the  rent  of  the  land,  used  no  fertilizers,  and  gives  no  estimate  of  the 
expense  of  harvesting  and  hauling  to  the  factory.  But  his  field  was 
hoed  by  hand  three  times,  which  with  the  proper  implements  is  more 
than  is  necessary,  one  good  hand  hoeing  being  sufficient. 

The  average  cost  per  acre  of  raising  sugar  beets  in  France  is  given  in 
the  following  detailed  estimate  from  figures  furnished  by  M.  E.  Du  Fay,  of 


Chevry,  Cossigny,  France : 

Farmyard  manure $28. 00 

Fertilizers 12.00 

Spreading  manure 60 

Spreading  fertilizers 25 

First  plowing 1. 60 

Harrowing  and  rolling  after  plow 64 

Plowing  and  subsoiling 4. 60 

Two  scarifyings 2. 00 

Two  harrowings 64 

Two  rollings 64 

Cost  of  seed 3.00 

Sowing  ol  seed 80 

Harrowing  and  rolling  again 64 

Three  times  hoeing  with  horse 2. 40 

Hoeing  by  hand 4.  80 

Harvesting  by  hand 4. 00 

Harvesting  by  machine 1.  60 

Carting  to  factory 2. 40 


Total.. 70.61 
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To  the  figures  stated  are  still  to  be  added  the  rent  of  land  and  taxes, 
$9.40,  making  a total  of  $80.01. 

The  charge  for  harvesting  is  very  low,  from  the  fact  that  the  topping 
of  the  beets  is  performed  by  women  and  children,  whose  average  wages 
probably  do  not  exceed  15  cents  a day,  much  less  than  the  estimates 
call  for  in  this  country,  while  the  charge  for  fertilizers  is  much  greater 
than  we  should  need  on  our  soils  for  some  years  to  come.  The  average 
yield  per  acre  obtained  by  M.  Du  Fay  is  25  tons,  showing  the  value  of 
intensive  farming. 

Mr.  J.  B.  Henderson,  of  Alameda,  California,  reports  the  cost  of 
growing  and  harvesting  10  acres  of  beets  at  $614.83,  or  $61.48  per  acre. 
He  was  1 mile  from  the  factory.  Mr.  A.  F.  Bichardsou,  of  the  same 
place,  residing  2 miles  from  the  factory,  reports  the  cost  of  11  acres  at 
$535.04  ,or  $48.64  per  acre. 

It  is  not  wise  to  underestimate  the  actual  cost  of  growing  the  beets, 
for  this  will  lead  the  farmer  to  expect  large  profits  which  often  in  prac- 
tice give  way  to  actual  deficits. 

HARVESTING. 

The  time  for  harvesting  varies  in  different  localities.  In  California 
it  is  said  that  the  beets  planted  in  February  are  ready  for  harvesting 
by  August.  In  general  it  may  be  said  that  beets  planted  the  first  week 
in  May  will  be  ready  for  harvesting  about  the  20th  of  October.  Har- 
vesting should  be  postponed  to  as  late  a date  as  possible,  provided  the 
beets  are  in  no  danger  of  a second  growth.  The  leaves  of  the  ripened 
beet  change  from  a rich  green  to  a yellowish  green,  become  drooping 
and  applied  closely  to  the  earth,  and  many  of  them  die.  The  harvest- 
ing is  best  accomplished  by  first  loosening  the  beets  in  the  soil  and 
then  removing  them  by  hand.  For  loosening  the  beets,  the  appara 
tus  shown  in  Fig.  9 may  be  employed.  It  can  be  used  only  when  the 
rows  are  perfectly  straight  and  the  beets  of  a reasonably  uniform  size. 
The  teeth  of  the  apparatus  are  sunk  deep  enough  into  the  earth  to  catch 
the  beet  at  about  its  middle  part.  The  beets  are  forced  back  through  the 
teeth  of  the  apparatus,  which  approach  more  nearly  together  in  the 
rear,  and  on  account  of  the  angle  at  which  the  teeth  are  planted, 
are  lifted  and  the  tap  roots  broken.  After  the  passage  of  the  harves- 
ter the  beets  are  easily  lifted  out  by  means  of  their  leaves. 

The  next  operation  consists  in  removing  the  neck.  This  is  done  by 
a large  knife  and  the  top  of  the  beet,  called  technically  its  neck,  is  cut 
off  so  as  to  remove,  with  the  top,  that  portion  of  the  beet  to  which  the 
stems  of  the  leaves  have  been  attached. 

The  object  of  removing  this  portion  of  the  beet  is  to  prevent  the  min- 
eral salts,  which  have  accumulated  iu  large  quantities  therein,  from 
entering  the  factory.  These  mineral  salts  exercise  i very  deleterious 
influence  on  the  crystallization  of  the  sugar  and,  therefore,  should  be 


1? 


removed.  They  are  wel^  fitted  for  fertilizing  purposes  and  are  of  more 
value  when  left  upon  the  soil  than  when  removed  to  the  factory. 


Fig.  9.— Beet  harvester  tor  one  row. 


The  removal  of  the  tops  of  the  beets  is  a tedious  process  which,  in 
Europe,  is  performed  by  women  and  children.  In  this  country  the  proc- 
ess of  topping  the  beets  will  prove  much  more  expensive  than  in  Europe* 
It  is  probable  that  some  mechanical  device  will  be  invented  by  which 
the  beets  can  be  topped,  thus  saving  a large  expense.  So  far  as  we 
know  at  the  present  time,  however,  this  topping  must  be  done  by  hand. 

When  the  beets  are  topped  they  are  thrown  into  piles,  and  the  tops 
thrown  over  the  beets  to  protect  them  from  the  sun  or  frost  until  they 
can  be  delivered  to  ihe  factory. 

The  beets  are  best  delivered  to  the  factory  in  dump  carts,  which  per- 
mit of  their  quick  unloading.  It  is  not  customary  for  the  farmers  to 
silo  their  beets  except  in  the  simple  manner  indicated  above. 

SILOING. 

When  beets  are  to  be  preserved  for  manufacture  during  the  winter 
months  or  for  the  production  of  seed,  they  must  be  carefully  protected 
against  frost.  The  simplest  and  the  easiest  method  is  to  place  them  in 
piles  and  cover  them  with  earth,  not  too  deeply,  for  if  they  become  too 
warm  in  the  silo  they  rapidly  lose  in  sugar  content.  When  first  siloed, 
say  about  the  first  of  November,  they  should  be  covered  with  only  a slight 
layer  of  earth;  as  the  cold  of  winter  becomes  more  intense  this  covering 
can  be  increased.  In  some  localities  only  a slight  covering  of  straw  is 
necessary  to  protect  the  beets,  as,  for  instance,  in  California,  and  in 
other  localities  the  deepest  covering  of  earth  might  not  exceed  0 inches, 
20902— No.  3 2 
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which  would  he  entirely  sufficient  to  preserve  the  beets  from  freezing. 
In  other  localities,  such  as  in  the  Dakotas,  Minnesota,  and  Wisconsin, 
it  is  probable  that  the  beets  would  have  to  be  covered  to  the  depth  of 
2 feet,  or  even  2 feet  and  6 inches,  to  protect  them  from  frost. 

Siloing  is  usually  done  by  the  factory,  as  it  would  be  very  inconven- 
ient to  deliver  beets  from  a distance  to  a factory  in  the  middle  of  winter. 

In  most  localities  in  the  beet-sugar  region  of  the  United  States  it  is 
probable  that  the  harvesting  and  delivery  to  the  factory  could  be  en- 
tirely completed  by  the  middle  of  November;  although  in  some  seasons 
there  would  be  no  danger  whatever  in  leaving  the  roots  in  the  earth 
until  the  1st  or  even  the  10th  of  December. 

PRODUCTION  OF  SEED. 

The  production  of  seed  is  one  of  the  most  important  operations  con- 
nected with  the  sugar-beet  industry.  On  the  care  and  skill  which  are 
displayed  in  this  process  depend  the  improvement  and  maintenance  of 
the  sugar-producing  qualities  of  the  beet.  There  are  many  different 
methods  employed  for  producing  seed  which  grows  the  richest  sugar 
beets,  but  there  will  be  mentioned  here  only  a general  outline  of  the 
principles  which  underlie  the  process.  The  beets  which  are  to  be  pre- 
served for  seed  are  called  “ mothers’^  and  are  carefully  siloed  in  the 
manner  already  indicated.  They  are  selected  at  the  time  of  harvesting 
from  specially  grown  beets  or  from  fields  of  beets  which  have  shown 
particularly  good  qualities  on  analysis.  The  size  of  the  roots  selected 
for  mothers  should  be  about  the  average  of  the  best  sugar  beets, 
viz , from  20  to  24  ounces.  Smaller  beets  than  these  would  show  a 
higher  content  of  sugar,  but  it  is  not  wise  to  produce  a race  of  small 
beets  by  selecting  the  seed  from  the  very  smallest  and  richest  beets 
grown.  The  size  of  the  mothers  having  been  decided,  the  beets  are 
next  selected  for  their  shape  and  external  appearance.  Those  regular 
in  shape  and  smooth  in  external  form  are  to  be  preferred.  Eoots  of 
irregular  shape,  or  with  more  than  one  tap  root  should  be  rejected. 

The  beets  to  be  preserved  for  mothers  are  harvested  with  unusual 
care  to  avoid  injury.  The  neck  is  not  cut  away,  but  the  leaves  are  re- 
moved by  cutting  off’ the  stems  without  injuring  the  neck  of  the  beet. 

The  siloing  should  be  of  such  a nature  as  to  entirely  protect  the  beets 
from  frost  and  yet  prevent  their  growth  in  the  silo  until  the  spring. 
The  beets  are  removed  from  the  silo  at  an  early  date  in  the  spring  and 
are  immediately  subjected  to  analysis  for  the  final  selection.  In  the 
early  days  of  the  beet  industry  the  beets  were  selected  almost  solely  on 
account  of  their  specific  gravity.  A brine  of  a given  strength  was 
made  and  the  beets,  thoroughly  cleaned  of  dirt,  were  thrown  into  this 
brine.  Those  which  would  sink  were  selected  as  mothers  while  those 
that  would  swim  were  rejected.  Selection  now  depends  upon  the  actual 
determination  of  the  density  of  the  juice  of  the  beet  which  is  to  be 
selected  as  a mother  and  the  estimation  of  its  content  of  sugar,  For 
this  purpose  a cylindrical  or  conical  piece  of  the  beet  is  removed,  by 
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an  appropriate  instrument,  diagonally  through  the  center  of  the  root. 
This  piece  may  weigh  from  IJto  2 ounces  and  its  removal  does  not  in- 
jure the  beet  for  germinating  purposes.  The  juice  is  expressed  from 
this  piece,  and  its  specific  gravity  determined  by  weighing  in  it,  at  a 
given  temperature,  a silver  button  of  known  weight. 

The  sugar  content  of  the  juice  is  next  determined  by  means  of  the 
polariscope.  By  means  of  these  two  data  the  qualities  of  the  beet  for 
the  production  of  seed  are  determined  and  also  the  coefficient  of  purity, 
that  is,  the  number  obtained  by  dividing  the  percentage  of  sugar  in  the 
juice  by  its  percentage  of  solid  matters  as  determined  by  its  specific 
gravity.  In  mother  beets  this  number  should  be  found  somewhere  be- 
tween 80  and  90.  The  actual  method  of  selection  may  be  illustrated 
as  follows : 

The  operator  determines  beforehand  his  standard,  which  in  most 
cases  will  consist  of  a juice  containing  16  to  18  per  cent,  of  sugar,  with 
a purity  of  85.  The  beets  are  analyzed  separately,  and  are  at  once  di- 
vided into  two  great  classes,  namely,  those  in  which  either  the  content  of 
sugar  or  the  purity  falls  below  the  fixed  figure,  and,  second,  those  in 
which  these  two  numbers  are  equal  to  or  exceed  the  fixed  figures.  It  is 
sometimes  customary  to  divide  these  two  classes  into  two  portions,  viz., 
those  roots  in  which  the  numbers  are  equal  to  or  slightly  above  the 
standard,  and,  second,  those  which  show  exceptional  richness.  It  is 
also  customary  to  number  each  beet,  and  the  number,  which  is  cut  into 
the  skin  of  the  beet,  will  remain  legible  even  after  the  seed  has  ripened. 
Some  of  the  producers  of  sugar-beet  seed  preserve  the  product  of  seed 
from  each  beet  by  itself,  and  do  not  use  it  for  the  production  of  seed 
for  commerce  until  it  has  received  an  additional  year’s  trial. 

By  this  method  of  careful,  scientific  culture  the  sugar  beet  has  been 
raised  to  its  present  high  standard  of  excellence,  and  is  only  maintained 
at  this  standard  by  constant  supervision,  such  as  is  indicated. 

The  sugar  beet  seed  produced  by  the  above  method  is  not  sold  for 
planting  fields,  but  is  used  solely  for  the  production  of  the  seed  of  com- 
merce in  the  fourth  or  fifth  year  from  the  parent,  as  the  case  may  be. 

MANUFACTURE  OF  SUUAR. 

The  process  of  making  sugar  from  the  sugar  beet  interests  the  agri- 
culturist only  from  secondary  considerations,  and  will  be  treated  of  in 
the  briefest  possible  manner  to  give  an  intelligent  idea  of  its  methods. 

The  beets  are  first  conveyed  to  washing-tanks  provided  with  suitable 
apparatus  for  keeping  them  in  motion  and  transferring  them  toward 
the  end  from  which  the  fresh  water  enters,  In  order  that  the  whole  of 
the  adhering  soil,  together  with  any  sand  and  pebbles,  may  be  com- 
pletely removed.  By  a suitable  elevacor  the  beets  are  next  taken  to  a 
point  above  the  center  of  the  bai^tery,  whence  they  are  dropped  into 
a slicing  apparatus  by  which  they  are  sliced  into  pieces  of  greater  or 
less  length  and  of  small  thickness,  so  that  when  placed  in  the  cells  of  the 
battery  they  will  not  lie  so  closely  together  as  to  prevent  the  circulation 
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of  tlie  diffusion  juices.  The  slices,  commonly  called  cossettes,  next  pass 
into  the  diffusion  battery  in  which  the  sugar  is  extracted  in  the  usual 
way.  The  extracted  cossettes  are  carried  through  a press  by  which  a 
portion  of  the  water  is  removed,  and  they  are  then  iu  suitable  condition 
for  use  as  cattle  food.  The  diffusion  juices  are  carried  to  carbonata- 
tion  or  saturation  tanks,  where  they  are  treated  with  from  2 to  3 per 
cent,  of  their  weight  of  lime  and  afterward  with  carbonic  acid  until 
nearly  all  of  the  lime  is  precipitated.  The  slightly  alkaline  juices  are 
next  passed  through  filter  presses  by  which  the  precipitated  lime  and 
other  matter  are  removed.  The  juices  pass  next  to  a second  set  of  car- 
bonatation  tanks  in  which  they  undergo  a treatment  in  each  particular 
similar  to  the  one  just  mentioned,  except  that  the  quantity  of  lime  added 
to  the  second  saturation  is  very  small  as  compared  with  that  of  the 
first.  The  refiltered  juices  from  the  second  saturation  are  carried  to  the 
multiple-effect  vacuum-i)an  and  reduced  to  the  condition  of  sirup.  The 
sirups  are  taken  into  the  vacuum  strike  pan  and  reduced  to  sugar 
called  masse  cuite,  containing  from  6 to  10  per  cent,  of  water.  The 
uncrystallized  sirups  together  with  the  water  are  separated  from  the 
sugar  by  the  centrifugals,  and  form  the  molasses.  The  molasses  is 
either  reboiled  and  a second  crop  of  crystals  obtained,  or  is  treated  in 
various  ways  for  separating  the  sugar  which  it  still  contains.  One  of 
these  methods  which  has  come  into  general  use  is  known  as  the  Steffen 
process.  Another  method  consists  iu  separating  the  salts  which  pre- 
vent the  crystallization  of  the  sugar  by  the  process  of  osmosis.  A third 
method  consists  in  the  use  of  strontium  salts  for  the  separation  instead 
of  lime  salts  as  in  the  Steffen  process  ; or,  finally,  the  molasses  may  be 
subjected  to  fermentation  and  distillation  and  the  sugar  therein  con- 
tained thus  converted  into  alcohol. 

The  above  is  the  general  method  used  for  the  manufacture  of  raw 
sugar.  If  refined  sugar  is  to  be  made  the  juices  and  sirups  are  passed 
over  bone-black  to  decolorize  them  and  the  crystals  are  washed  iu  the 
centrifugal  in  order  to  make  them  perfectly  white  Another  method 
consists  in  treating  the  juice  with  sulphurous  acid  and  purifying  the 
crystals  by  washing  them  with  sirups  of  varying  degrees  of  consistency 
until  all  the  molasses  adhering  thereto  is  washed  away. 

The  question  is  often  asked  if  beet  sugar  can  not  be  made  iu  a small 
way  so  that  G or  7 farmers  could  club  together,  put  up  a cheap  apparatus 
and  i)roduce  their  own  su^ar.  On  account  of  the  elaborateness  of  the 
process  and  the  costly  nature  of  the  machinery  which  is  necessary  to 
produce  beet  sugar  even  in  a small  way,  it  is  not  believed  that  it  could 
be  profitably  made  in  the  way  indicated.  A small  factory  could  not 
possibly  compete  with  a large  one  and  hence  there  is  no  encouragement 
to  be  offered  iu  the  way  of  producing  beet  sugar  in  a small  factory. 
The  Department  has  no  knowledge  of  any  successful  beet-sugar  factor3^ 
of  this  kind.  There  is  no  country  producing  any  notable  quantity  of 
beet  sugar  in  which  home  apparatus  costing  only  a few  thousand  dol- 
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lars  have  any  appreciable  influence  on  the  output  of  sugar.  Russia  lias 
been  cited  as  an  exception  to  this  rule.  The  output  of  beet  sugar  in 
Russia  annually  is  about  500,000  tons.  The  total  number  of  factories 
in  operation  about  250.  The  "average  annual  output  of  each  factory  in 
round  numbers  is  4,000,000  pounds,  representing  an  average  consump- 
tion of  20,000  tons  of  beets.  From  these  figures,  taken  from  official 
data,  it  is  seen  that  the  average  size  of  the  Russian  beet-sugar  factory 
is  not  greatly  different  from  those  of  other  European  countries. 

The  waste  products  of  the  factory  consist  of  the  pulps  and  molasses. 
The  molasses  is  used  for  various  purposes  ; either  for  fertilizing  pur- 
poses or  for  the  manufacture  of  alcohol,  or  sometimes  for  cattle  food. 
The  pulps  make  a valuable  cattle  food.  They  may  be  fed  in  the  fresh 
state  or  preserved  in  silos.  Lately  extensive  experiments  have  been 
made  in  drying  the  pulps  and  preserving  them  in  the  dried  state,  and 
these  experiments  have  been  fully  successful.  It  is  stated  that  the 
value  of  the  pulps  for  feeding  purposes  is  from  one-fourth  to  one-fifth 
of  the  value  of  the  beets. 

The  cost  of  manufacture  depends  on  as  many  factors  as  that  of  beet 
growing.  Chief  among  these  are  transportation,  fuel,  weather,  and 
labor.  Perhaps  the  most  important  of  these  factors  is  the  price  of  fuel. 
In  some  localities  coal  can  be  had  for  $1.25  per  ton;  in  others  the  cost 
may  reach  as  high  as  $10  per  ton. 

The  manufacture  of  beet  sugar  is  still  so  much  of  an  experiment  in 
this  country  as  to  render  any  exact  account  of  its  cost  impossible.  To 
show  what  it  may  be,  with  large  experience  and  the  highest  skill  and 
management,  I give  the  mean  cost  of  manufacture  in  113  German  fac- 


tories from  data  of  the  campaign  of  1889-’90. 

Mean  capital  invested  in  each  factory ,|193,  400.  00 


Total  receipts  for  sugar,  molasses,  and  pulps  per  ton  of  beets 11. 10 

Mean  cost  of  beets  per  ton  of  2,220  pounds 4. 90 

Salaries  per  ton  of  beets .26 

Labor  per  ton  of  beets .73 

Interest  on  investment  per  ton  of  beets .36 

Coal  per  ton  of  beets .63 

Miscellaneous  expenses  per  ton  of  beets .96 

Total  expense  of  manufacture  per  ton 7.  84 


Profit  per  ton  of  beets 3. 26 


The  mean  net  profit  for  each  factory  was  $34,240.  The  price  paid  for 
beets,  however,  is  in  most  cases  fictitious,  the  beet  growers  owning  the 
factory  and  preferring  to  share  in  the  general  profits  rather  than  charge 
a high  price  for  the  beets.  First-class  beets  rarely  sell  for  less  than 
$5.25  per  ton.  The  Western  Beet  Sugar  Company  of  Watsonville,  Cal- 
ifornia, stated  that  in  its  first  campaign,  1888-’89,  the  cost  of  making 
sugar  amounted  to  $80.80  per  ton.  At  the  present  time  it  appears  that 
with  the  best  machinery  and  most  economical  processes  beet  sugar  can 
be  made  in  this  country  at  a cost  of  from  4 to  5 cents  per  pound.  - 
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STATISTICAL. 

THE  GERMAN  CAMPAIGN  OF  1888-’9. 

During  this  campaign  the  new  law  levying  a part  of  the  tax  on  the 
beets  and  a part  on  the  sugar  produced  came  into  operation  for  the  first 
time.  The  object  of  this  law  is  to  diminish  the  bounty  paid  on  exports. 
By  the  new  law  the  tax  on  the  beets  has  been  reduced  to  .80  marks  per 
100  kilograms,  instead  of  1.7  marks  as  by  the  former  law.  On  the 
other  hand,  sugars  entering  consumption  pay  12  marks  per  100  kilo- 
grams, whereas  before  they  paid  nothing  when  made  from  native  beets. 

The  quality  of  the  beet  root  harvested  in  1888-’89  was  much  inferior 
to  that  of  the  preceding  year,  owing  to  a late,  wet  spring  and  an  excess 
of  rain  in  June  and  July.  The  yield  of  sugar  was  also  diminished  by 
early  frosts.  As  the  juice  of  frosted  beets  was  boiled  with  extreme  diffi- 
culty, being  difficult  to  filter  and  granulate,  many  factories  would  not 
accept  them. 

The  following  table,  according  to  M.  Licht,*  gives  the  actual  produc- 
tion of  sugar  in  Germany  in  metric  quintalsf  and  the  percentage  of 
yield  on  the  weight  of  the  beet  from  1871  to  1889  : 


Year. 

Real  pro- 
duction. 

Actual 

yield. 

1871-’72  

1,864,419 
2,  625.  511 

Per  ct. 

8.  28 

1872-’73 

8.25 

1873-  74  

2,910,  407 

2,  564, 124 

3,  580,  482 
2.  909,  227 

8. 25 

1874-75  

9.  30 

lrt75-’76  

8.  60 

1 876-’ 7 7 

8. 19 

1877  ’78 

9.30 

1878-’79  

4,  301,. 551 
4,  151, 152 

9.  35 

1879-80  

8.64 

Tear. 

Real  pro- 
duction. 

Actual 

yield. 

1880-’81  

5,  730,214 

Per  ct. 

9.  06 

1881-’82 

6,  222,  885 

9.92 

1882-’83 

8,  489,  226 

9.  71 

1883-’84  

9,  606,  093 

10.  77 

1 884-’ 65  

11,  467,  303 

11.  02 

1885-’86 

8,  381,049 

11.85 

1886-’87  

10,  237,  339 

12.  32 

1887-’88  

9,  591, 184 

13.  77 

1888-’89  

9,  904,  776 

12.  55 

DEVELOPMENT  OF  THE  CANE  AND  BEET  SUGAR  INDUSTRY. | 

The  following  table  expresses  in  tons  of  2,200  pounds  the  amounts 
of  cane  and  beet  sugar  made  in  the  world  during  the  past  7 years: 


Year. 

Beet. 

Cane. 

Total. 

1883- ’84  

2,  361,  000 
2,  546,  000 
2, 220,  000 
2,  730,  000 
2,  452,  000 

2,  323,  000 
2,  351,  000 
2,340,  000 
2,  315,  000 
2,  470,  000 
2,  280, 000 
2,  278,  000 

2,  684,  000 
4,  897,  000 

4,  560.  000 

5,  075,  000 

4,  922,  000 

5,  045,  000 
5,778,  000 

1884-’85 

188.5-86  

1886  ’87 

1887  ’88  

1888-89  

2,  765,  000 

1889-’90 

3,  500,  000 

It  is  seen  from  the  above  table  that  the  production  of  cane  sugar 
has  remained  stationary  or  even  diminished  during  the  last  septennial 
period,  while  the  production  of  beet-sugar  has  greatly  increased. 


*Sugar,  April,  1890,  p.  46. 

t Divide  by  10  to  get  tons  of  2,200  pounds  each.  J La  Sucreiio  Indigene,  March  11, 1890,  p.  232. 
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Willet  aud  Gray  (Louisiana  Planter  and  Sugar  Manufacturer,  April 
5, 1890)  give  the  following  estimate  of  the  total  sugar  crop  of  the  world, 
in  tons,  for  the  last  5 years : 


Country. 

1889-’90. 

1888-’89. 

1887-’88. 

1886-’87. 

1885-’86. 

Cuba 

600,  000 

530,  000 

610,  000 

608,  900 

705,  400 

Porto  Rico 

70,  000 

5.5,  000 

50,  000 

86,  000 

64,  000 

Trinidad 

60,  000 

60,  000 

60,  000 

69, 000 

49,  200 

Barbadoes 

60,  000 

50,  000 

60,  000 

65,  000 

44,  000 

Jamaica 

30,  000 

28.  000 

30,  000 

21,000 

17,  000 

Antigua  aud  St.  Kitt  s 

28, 000 

25,  000 

26,  000 

25,  000 

25,  000 

Martinique  

40,  000 

38,  000 

39,  000 

41,  000 

33,  000 

Guadeloupe 

50,  000 

45,  000 

50,  000 

55,  000 

37,  OuO 

Demerara 

125,  000 

108,  000 

110, 000 

135,  000 

111,  800 

Reunion 

30,  000 

25,  000 

32,  000 

32,  000 

35,  OOO 

Mauritius 

125,  000 

132,  000 

120,  000 

101,  800 

1 14,  200 

Java 

310,  000 

364,  000 

396,  000 

363,  950 

365,  950 

British  India 

60,  000 

60,  000 

55,  000 

50,  000 

50,  000 

Brazil 

150,  000 

220, 000 

320,  000 

260,  000 

186,  000 

Manila,  Cebu,  and  Iloilo 

180, 000 

210,000 

174,  000 

180,  000 

186,  000 

Louisiana 

125, 000 

145,  000 

158,  000 

80,  900 

127,  900 

Peru 

30,  000 

30,  000 

30,  000 

26,  000 

27,  000 

Egypt 

35,  000 

35,  000 

35,  000 

50,  000 

65,  000 

Sandwich  Islands 

120,  OoO 

120, 000 

100,  000 

95,  000 

96,  500 

Total  of  cane 

2,  228,  000 

2,  254,  000 

2,  465,  000 

2,  345,  550 

2,  339,  950 

Total  of  beet 

3,  550,  000 

2,  753,  844 

2,  451,  950 

2,  730,  206 

2,219,  973 

Cane  and  beet 

5,  778,  000 

5,  007,  844 

4,  916,  950 

5,  075,  756 

4,  559,  923 

La  Sucrerie  Beige  of  March  15,  1890,  page  372,  gives  the  following 
estimate  of  the  total  production  of  beet  sugar  in  Europe  during  the  past 
four  years,  in  tons  of  2,200  pounds : 


Country. 

1889-’90. 

1888-’89. 

1887-’88. 

1886-’87. 

Germany 

1,  220,  000 
730, 000 
750,  000 
445,  000 
172.  000 
55,  000 
20,  000 
25,  000 

978,  000 
514,  000 
460,  000 
503,  000 
96,  000 
35,  000 
19,000 
21,  000 

953,  400 
400,  000 
420,  000 
430,  000 
93,  000 
37,  000 
21,  000 
14,  000 

1,015,  600 
550,  000 
497,  000 
455,  000 
91,  I'OO 
36,  000 
18,  300 
13, 000 

Austria  

France 

Russia 

Belgium 

Holland ■ 

Denmark 

Other  countries 

Total 

3,417,  000 

2,  626,  000 

2,  368,  400 

2,  675,  900 

STATISTICS  OF  THE  PRODUCTION  OF  CANE  AND  BEET  SUGAR. 

Licht,  of  Magdeburg,  in  his  last  report  (Journal  des  Fabricants  de 
Sucre,  March  26,  1890),  gives  the  following  figures  for  the  production 
of  beet  sugar  in  Europe  for  the  last  three  campaigns  : 

[In  tons  of  2,200  pounds.] 


Country. 

1887-’88. 

1888-’89. 

1889-’90. 

Germany 

Austria 

956, 166 
428,  616 
392,  821 
441,  342 
140,  742 
39,  280 
79,  980 

990,  604 
523,  242 
466,  767 
525,  387 
145,  804 
46,  040 
87,  000 

1,  260,  000 
750, 000 
775,  000 
475,  000 
200,  000 
60,  000 
80,  000 

Franco  

Russia 

Belgium 

Holland 

Other  countries 

Total 

2,  481,  950 

2.  784,  844 

3,  600,  000 
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CONSUMPTION  OF  SUGAR  IN  THE  UNITED  STATES. 
Imported  during  the  year  ending  July  1,  1890. 


Pounds. 

Value. 

Gallons. 

Value. 

Sugar,  duty  free 

Beet  sugar,  duty  paid 

Cane  sugar,  duty  paid  — 

Total 

224, 457,011 
601, 119,  476 
2, 108,  435,  073 

$11,549,  828 
18,  348,417 
66, 196,  287 

Molasses: 

Duty  free 

Duty  paid 

Total 

81,443 
31,  415,  800 

$9, 314 
5, 168,  795 

2,  934,  on,  560 

96,  094,  532 

31,497,  243 

5, 178, 109 

Adding  to  total  imports  the  domestic  production,  in  round  numbers 
300,000,000  (287,490,271  in  Louisiana  alone),  gives  the  total  sugar  in 
this  country  for  the  year  ending  July  1,  1890,  3,134,011,560  pounds. 
This  number  divided  by  63,500,000  gives  a tride  over  51  pounds  per 
head  for  the  consumption  of  sugar  in  the  United  States.  Other  esti- 
mates make  it  about  55  pounds  per  head. 

The  crop  of  molasses  in  Louisiana  was  18,431,988  gallons.  The  pro- 
duction of  sorghum  and  maple  molasses  and  starch  sugar  sirup  can 
only  be  estimated,  but  can  safely  be  put  at  30,000,000  gallons,  making 
the  total  consumption  of  molasses  79,928,231  gallons. 

Consumption  of  sugar  per  head  for  the  principal  countries  during  the  year  1887. 


Kilo- 

grammes. 

Pounds. 

Finland 

0.60 

1.32 

Rouniania 

1.50 

3.  30 

Servia 

2.  00 

4.  40 

Spain 

2.  32 

5. 11 

Italy  

3.  45 

7.  59 

P.ns.s^ia, 

4.  10 

9.  02 

Pot  tugal 

4.  34 

9,55 

Norway 

5. 16 

11.35 

Austria  and  Hungary 

5.50 

12. 10 

Kilo- 

grammes. 

Pounds. 

German  Empire 

8.  60 

18.92 

Belgium 

7.  14 

15.  71 

Sweden 

7.  95 

.17.49 

Fiance  

12.  30 

' ' l!7.06 

Switzerland 

10.  35 

22.77 

Holland  

10.  50 

23. 10 

Denmark 

13.47 

29.  63 

Argentine  Republic 

22.  70 

49. 94 

Great  Britain 

32.  00 

70.  40 

With  free  sugar,  as  provided  for  by  the  present  tariff,  it  is  estimated 
that  the  consumptioil  of  sugar  in  the  United  States  will  speedily 
equal  that  of  Great  Britain.  At  70  pounds  per  head,  and  vith  a 
population  of  64,000,000,  this  would  amount  to  4,480,000,000  pounds 
annually.  It  is  safe  to  predict  that  within  5 years  this  quantity  of 
sugar  will  be  required  for  the  annual  supply  of  our  people.  The  home 
market,  therefore,  for  many  years  to  come  can  not  hope  to  find  its  sup- 
plies in  the  home  product. 
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LETTER  OF  SUBMITTAL. 


U.  S.  Department  of  Agriculture, 
Division  of  Vegetable  Pathology, 

Washington^  D.  (7.,  February  16,  1891. 


Sir:  I have  the  honor  to  submit  herewith  a bulletin  on  the  treatment 
of  four  of  our  most  destructive  grape  diseases.  It  is  now  nearly  two 
years  since  our  last  publication  on  this  subject  was  issued,  and  during 
that  time  many  new  facts  have  been  brought  out.  The  accompanying 
pages  have  been  written  for  the  purpose  of  bringing  together  these 
facts  in  convenient  form  for  the  practical  grape  grower. 

Respectfully, 


B.  T.  Galloway, 

Chief  of  the  Division  of  Vegetable  Pathology. 

Hon.  J.  M.  Rusk, 

Secretary. 


FARMERS’  BULLETINS. 

The  bulletins  of  this  series  may  be  obtained  by  applying  to  the  Sec- 
retary of  Agriculture,  Washington,  D.  G.  The  following  have  been 
previously  issued : 

Farmers’  Bulletin  No.  1.  The  What  and  Why  of  Agricultural  Experiment  Sta- 
tions. (A  brief  explanation  of  the  object,  origin,  and  development  of  the  stations, 
their  work  in  Europe  and  in  the  United  States,  and  the  operations  of  the  Office  of 
Experiment  Stations  of  the  Department  of ’’Agriculture.)  Prepared  by  the  Office  of 
Experiment  Stations,  pp.  16.  Issued  .Tune,  1889. 

Farmers’  Bulletin  No.  2.  The  Work  of  the  Agricultural  Experiment  Stations. 
(Illustrations  of  Station  Work  in  the  following  lines:  better  cows  for  the  dairy; 
fibrin  in  milk;  bacteria  in  milk,  cream,  and  butter;  silos  and  silage;  alfalfa;  and 
field  experiments  with  fertilizers.)  pp.  16.  Prepared  by  the  Office  of  Experiment 
Stations.  Issued  June,  1889. 

Farmers’  Bulletin  No.  3.  The  Culture  of  the  Sugar  Beet.  (Treats  of  the  climatic 
conditions,  soil,  fertilizers,  and  cultivation  required  by  the  sugar  beet,  cost  of  grow- 
ing, time  to  harvest,  and  method  of  siloing;  describes  briefly  the ’process  of  beet 
sugar  manufacture,  and  gives  statistics  of  sugar  productiou  and  consumption.)  By 
H.  W.  Wiley,  chemist  of  the  Department  of  Agriculture,  jip.  24.  Issued  March,  1891. 
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FUNGOUS  DISEASES  OF  THE  GRAPE  AND  THEIR  TREATMENT, 


GRAPE  DISEASES. 

There  are  but  four  fungous  diseases  of  the  grape  in  this  country  which 
occasion  sufficient  damage  to  warrant  our  attention  in  this  bulletin. 
They  are:  (1)  The  grape  peronospora  or  downy  mildew;  (2)  powdery 
mildew ; (3)  black  rot,  and  (4)  anthracnose.  These  we  shall  endeavor 
to  describe  in  such  a way  that  any  one  not  familiar  with  them  may  be 
able  to  recognize  them  and  act  accordingly. 

Grape  peronospora  or  downy  mildew^  brown  rot,  and  gray  rot — The 
fungus  causing  these  diseases  is  known  to  botanists  as  Peronospora  vit- 
icola.  It  attacks  the  leaves,  young  wood,  flowers,  and  fruit.  On  the 
leaves  it  usually  manifests  itself  first  in  the  form  of  greenish  yellow  or 
brownish  spots  on  the  upper  surface,  while  on  the  lower  side  corre- 
sponding parts  are  covered  with  a white  frost-like  growth.  As  the  dis- 
ease progresses  the  frost-like  patches  may  disappear,  leaving  only  the 
brown  leaf,  which  soon  dries  up  and  falls  off.  Young  wood  and  flowers 
are  affected  in  much  the  same  way,  but  owing  to  their  structure  the 
downy  or  frost-like  stage  is  more  pronounced.  This  form  of  the  disease 
is  known  as  the  downy  mildew,  and  in  some  sections  ir  causes  the  only 
serious  damage.  On  the  fruit  the  fungus  occurs  in  two  forms,  causing 
what  is  known  as  brown  and  gray  rot.  The  former  disease  as  a rule  does 
not  make  its  appearance  until  the  berries  are  nearly  grown.  At  this 
time  a brownish  purple  spot  will  appear  on  one  side  of  the  berry  and  in 
a short  time  the  whole  fruit  is  involved,  turning  brown  and  ultimately 
becoming  soft  and  wrinkled.  The  skin  usually  remains  unbroken  until 
the  berry  drops  to  the  ground,  which  it  does  at  the  slightest  touch  or 
jar.  In  gray  rot  the  fruit  is  covered  with  the  same  frost-like  growth 
seen  on  the  leaves.  The  berries  are  literally  plastered  together  with 
the  fungus,  the  effect  being  so  peculiar  and  so  different  from  any  other 
disease  that  no  one  will  fail  to  recognize  it. 

Powdery  mildew. — This  usually  appears  about  midsummer,  attacking 
the  leaves,  young  wood,  and  berries.  Occasionally,  however,  it  appears 
earlier  in  the  season  and  in  such  cases  is  often  very  destructive  to  the 
flowers.  It  forms  on  the  various  parts  attacked  a powdery  mealy 
growth,  this  being  very  marked  on  the  leaves,  where  it  is  usually  more 
abundant  upon  the  upper  surface.  The  berries  attacked  often  crack, 
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exposing  the  seed  in  a very  peculiar  manner.  Upon  close  examination 
of  any  part  of  the  vine  affected  with  powdery  mildew  fine  delicate 
threads  which  make  up  the  vegetative  portion  of  the  fungus  may  be 
seen.  This  in  itself  is  enough  to  distinguish  the  disease  from  downy 
mildew,  the  only  malady  for  which  it  is  likely  to  be  mistaken. 

Black  rot. — Black  rot  is  so  widespread  and  well  known  that  it  is 
hardly  necessary  to  describe  it.  It  may  be  well,  however,  to  call  atten- 
tion to  the  fact  that  the  disease  usually  appears  first  on  the  leaves  and 
young  shoots,  causing  reddish  brown  or  blackish  spots.  Ten  or  15 
days  later  the  berries  are  attacked,  the  first  evidence  of  this  being  a 
black  or  brownish  spot  at  one  or  more  points  on  the  surface.  Soon  the 
whole  berry  turns  brown,  then  black,  and  finally  becomes  hard  and 
leathery,  but  as  a rule  clings  firmly  to  its  stalk. 

Anthracnose. — Like  the  downy  mildew  and  black  rot,  anthracnose  at- 
tacks the  leaves,  growing  shoots,  and  young  berries. 

Leaves,  when  first  affected  with  the  disease,  show  minute  blackish 
brown  spots,  which  are  surrounded  with  a slightly  raised,  darker  col- 
ored margin.  Ultimately  the  centers  of  the  spots  turn  gray,  and  not  in- 
frequently the  diseased  parts  crack  across  or  separate  from  the  sur- 
rounding healthy  portions,  leaving  the  leaf  full  of  small,  ragged  holes. 
On  the  shoots,  the  disease  manifests  itself  in  much  the  same  way  as  it 
does  on  the  leaves.  As  it  progresses,  however,  the  spots  usually  be- 
come darker  at  their  center,  and  often  run  together,  forming  more  or 
less  elongated  diseased  areas  which  gradually  eat  their  way  into  the 
wood.  The  scars  made  in  this  way  may  often  be  seen  on  the  ripened 
wood,  and  it  is  now  known  that  the  mycelium  or  body  of  the  fungus 
passes  the  winter  in  the  tissues  surrounding  these  places. 

Anthracnose  on  the  fruit,  or  bird’s-eye  rot,  as  it  is  sometimes  called, 
first  appears  as  a blackish  or  brown  circular  spot  surrounded  by  a nar- 
row, somewhat  darker  rim.  As  the  spots  increase  in  size  the  color 
undergoes  various  changes.  In  some  cases  the  outside  rim  remains 
dark  brown,  while  inside  of  this  is  a wider  zone  of  a beautiful  vermilliou 
color  surrounding  a grayish  center.  Frequently  the  spots,  when  less  than 
one-eighth  of  an  inch  in  diameter,  assume  a grayish-white  color,  which 
they  retain  throughout  the  rest  of  their  growth.  When  the  berries  are 
small  the  disease  often  manifests  itself  in  another  way.  The  fruit  turns 
brown,  shrivels  up,  and,  at  the  same  time,  little  pinkish  pustules  ap- 
pear on  the  surface.  The  grape  may  also  develop  uuequall}^,  the  af- 
fected side  being  ffatteiied. 

This  form  of  rot  is  not  characterized  by  a softening  of  the  tissues,  as 
in  the  case  with  others  we  have  mentioned.  The  tissues  slowly  col- 
lapse, but  at  the  same  time  become  hard  and  wrinkled.* 

Believing  that  the  foregoing  remarks  will,  after  a little  study,  enable 
anyone  to  recognize  these  various  diseases,  we  will  next  direct  our  at- 
tention to  the  remedies  and  tlieir  preparation. 

* Circular  No.  7. 
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REMEDIES  AND  THEIR  PREPARATION. 

Experience  has  shown  that  for  all  practical  purposes  there  are  but 
four  fungicides  worthy  of  consideration  in  this  connection : (1)  The 
simple  solution  of  copper  sulphate;  (2)  the  Bordeaux  mixture;  (3) 
the  ammoniacal  solution  of  copper  carbonate;  and  (4)  eau  celeste.  Of 
course  there  are  other  preparations  which  bid  fair  to  be  fully  as  valuable 
as  any  of  the  preceding,  but  as  yet  we  do  not  know  enough  about 
them  to  recommend  their  extended  use  unqualifiedly. 

(1)  Simple  solution  of  copper  sulphate. — This  is  prepared  in  the  usual 
way  by  simply  dissolving  1 pound  of  the  copper  sulphate  in  25  gallons 
of  water. 

(2)  Bordeaux  mixture. — The  only  formula  now  generally  used  is  that 
containing  6 pounds  of  copper  sulphate  and  4 i)ounds  of  lime  to  22  gal- 
lons of  water.  For  many  reasons  we  find  it  advantageous  to  use  pow- 
dered copper;  still,  when  time  is  not  an  important  element,  the  crystals 
answer  just  as  well  and,  as  a rule,  are  from  2 to  3 cents  cheaper  per  pound. 
In  our  work  we  usually  provide  ourselves  with  three  barrels,  one  of 
which  we  divide  in  the  middle,  making  two  tubs  holding  22  gallons.’ 
One  of  the  barrels  we  use  for  water,  which  is  obtained  at  the  nearest  well, 
clear  stream,  or  pond.  Twelve  pounds  of  copper  sulphate  are  weighed 
out  and  placed  in  one  of  the  tubs,  6 or  7 gallons  of  water  are  added  and 
the  copper  stirred  in  this  until  the  water  is  blue.  This  blue  solution  is 
then  poured  into  the  empty  barrel  and  6 or  7 gallons  more  of  water  are 
poured  into  the  tub  containing  the  copper  and  the  latter  is  stirred  as 
before.  This  process  is  repeated  until  all  of  the  copper  is  dissolved,  it 
being  found  that  16  or  20  gallons  of  water  are  necessary  for  this  purpose, 
providing  crystals  are  used  and  the  water  is  cold.  Powdered  copper 
sulphate  requires  much  less  labor  and  water  to  dissolve  it,  and  for  this 
reason  we  prefer  it  to  the  crystals.  All  of  the  copper  being  dissolved, 
8 pounds  of  lime  are  slacked  in  one  of  the  tubs.  After  slacking,  enough 
water  is  added  to  make  a rather  thin  whitewash,  then  this  is  poured 
slowly  into  the  barrel  containing  the  copper  solution.  We  usually 
strain  the  whitewash  through  a coarse  gunny  sack,  having  the  latter 
stretched  over  the  head  of  the  barrel.  The  straining  removes  all  of 
the  small  pieces  of  lime,  sticks,  straws,  etc.,  which  have  a tendency  to 
clog  the  nozzle.  After  pouring  in  all  the  whitewash,  more  water  is 
added  until  the  barrel  is  filled  to  within  5 inches  of  the  top.  The  solu- 
tion is  then  thoroughly  stirred,  when  it  is  ready  for  use. 

Of  course,  the  above  process  can  be  variously  modified  as  occasion 
may  require.  Instead  of  hauling  the  water  to  the  vineyard  it  may  be 
found  more  convenient  to  prepare  the  mixture  near  the  water  supply 
and  then  convey  it  where  it  is  to  be  used  either  in  barrels  or  tanks 
made  for  the  purpose. 

In  one  or  two  parts  of  the  country,  notably  central  Virginia,  it  is 
claimed  that  Bordeaux  mixture  of  the  above  strength  is  apt  to  injure  the 
foliage  of  some  varieties,  especially  NortoiTs  Virginia.  The  only  way 
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we  can  account  for  this  is  tliat  the  soil  and  climate  of  these  regions  is 
such  as  to  render  the  vines  more  susceptible  to  the  action  of  fungicides, 
or  else  that  proper  care  is  not  exercised  in  the  use  of  these  preparations. 
It  is  more  likely,  however,  that  the  trouble  is  due  to  climatic  influences, 
and  if  this  is  the  case  it  becomes  necessary  to  reduce  the  amount  of 
copper  somewhat.  Around  Charlottesville,  Ya.,  grape  growers  are  using 
a formula  containing  from  2 to  3 pounds  of  copper  sulphate  and  IJ  to  2 
pounds  of  lime  to  22  gallons  of  water  very  successfully.  We  would  not 
recommend  the  use  of  this  formula  excepting  in  the  very  rare  cases 
where  the  vines  appear  to  be  injured  by  the  stronger  mixture.  In  this 
connection  it  might  be  well  to  say  that  injury  has  sometimes  resulted 
to  the  vines  from  the  use  of  the  Bordeaux  mixture  made  with  air  slaked 
lime.  In  all  cases  it  is  best  to  use  fresh  lime,  but  when  this  can  not  be 
readily  obtained  it  would  be  well  to  use  5 or  6 pounds  of  the  air  slaked 
for  each  6 pounds  of  copper. 

(3)  Ammoniacal  solution  of  copper  carbonate. — (a)  In  an  ordinary 
water  pail  dissolve  5 ounces  of  copper  carbonate  in  3 pints  of  aqua  am- 
monia, having  a strength  of  28^.  If  3 pints  of  ammonia  are  not  suffi- 
cient to  completely  dissolve  the  copper,  add  enough  to  bring  about  this 
result.  When  completely  dissolved  pour  the  solution  into  a barrel  and 
fill  the  latter  with  water. 

Ammoniacal  solution  of  copper  carbonate. — {b)  Mix  thoroughly  6 ounces 
of  pulverized  ammonia  carbonate  and  1 ounce  of  copper  carbonate. 
Keep  in  an  air-tight  vessel,  and  when  ready  for  use  dissolve  in  10 
gallons  of  water. 

This  preparation  is  not  as  expensive  as  the  preceding;  moreover  it  has 
other  advantages,  namely,  ease  of  preparation,  portability,  etc.  When 
only  a few  acres  are  to  be  treated  the  chemicals  might  be  obtained  ready 
mixed,  put  up  in  air  tight  cans.  A 5 pound  can,  sufficient  for  100  gal- 
lons of  the  solution,  put  up  in  this  way  should  not  cost  over  50  cents. 
Buying  the  chemicals  in  quantity  and  mixing  them  at  home  will  reduce 
the  expense  considerably.  A further  reduction  will  result  if  the  copper 
carbonate  is  made  at  home  according  to  directions  which  are  given 
further  on. 

(4)  Eau  celeste. — Dissolve  2 pounds  of  copper  sulphate  in  6 or  8 gal- 
lons of  water.  When  thoroughly  dissolved  add  3 pints  of  strong  am- 
monia and  dilute  to  50  gallons.  Last  season  we  prepared  and  sent  out 
a mixture  for  trial  which,  in  some  cases,  gave  very  good  results,  so  fai 
as  its  fungicidal  properties  were  concerned.  It  has  the  same  objection 
as  eau  celeste,  namely,  that  it  is  not  safe  to  use  it  on  tender  foliage. 
The  mixture  consists  of  equal  parts  of  ammoniated  copper  sulphate  and 
ammonia  carbonate.  It  was  put  up  in  air-tight  cans,  and  for  use  was 
simply  dissolved  in  water  at  the  rate  of  1 pound  to  25  gallons.  The 
solution  thus  obtained  is  practically  the  same  as  eau  celeste  made  in 
the  usual  way.  One  pound  of  the  mixture  costs  45  cents,  making  it 
more  expensive  than  eau  celeste  prepared  according  to  the  old  formula. 
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The  only  advantage  the  mixture  possesses  is  that  it  enables  those  who 
may  wish  to  use  the  eau  celeste  in  small  quantities  to  do  so  without 
going  to  the  trouble  of  buying  the  copper  sulphate,  aqua  ammonia,  etc., 
and  mixing  them. 

(5)  Eau  celeste^  modified  formula, — Dissolve  4 pounds  of  copper  sul- 
phate in  10  or  12  gallons  of  water.  Add  3 pints  of  strong  ammonia, 
dilute  to  50  gallons,  and  add  5 pounds  of  common  washing  soda.  Stir 
thoroughly  and  the  solution  is  ready  for  use. 

This  is  one  of  the  oldest  fungicides,  having  been  used  first  in  1887.* 
It  rarely  injures  the  foliage,  and  for  this  reason  is  much  more  desirable 
than  the  simple  eau  celeste.  The  ammoniacal  solution  has,  however, 
about  superseded  these  preparations  in  the  treatment  of  nearly  all 
plant  diseases. 

Convenient  measures, — It  is  often  inconvenient  to  take  scales  into  the 
field ; moreover,  when  they  are  at  hand  it  requires  considerable  time  to 
weigh  out  the  various  chemicals  used.  If  the  following  facts  are  remem- 
bered it  will  frequently  save  time  and  trouble : 

Quarts. 


6 pounds  of  copper  sulphate,  crystals 21; 

6 pounds  of  copper  sulphate,  powdered 2 

4 pounds  of  lime,  uuslaked,  in  pieces  the  size  of  pigeons’  eggs 2^ 

4 pounds  of  lime,  slaked 3 


A convenient  measure  for  the  copper  carbonate  may  be  made  from  a 
baking-powder  can  or  something  similar.  First  weigh  the  can,  then  put 
in  5 ounces  of  the  chemical  and  mark  the  place.  We  have  1-ounce, 
2-ounce  and  5-ounce  cans  made  in  this  way  and  find  them  exceedingly 
useful  and  labor-saving. 

Manufacturing  copper  carbonate. — In  this  connection,  and  before  pro- 
ceeding with  the  directions  for  treatment,  it  may  be  well  to  call  atten- 
tion to  the  fact  that  if  desirable  the  copper  carbonate  can  be  manufac- 
tured at  home  at  about  one-third  the  price  usually  charged  for  it  in  the 
wholesale  markets.  Following  are  directions  for  manufacturing  it: 

In  a tub  or  barrel  dissolve  6 pounds  of  copper  sulphate  in  hot  water. 
In  another  suitable  vessel  dissolve  7 pounds  of  sal  soda  in  hot  water. 
When  the  two  solutions  are  cool,  pour  the  second  slowly  into  the  first, 
then  add  water  until  the  tub  or  half-barrel  is  full.  Stir  the  solution  thor- 
oughly and  let  it  stand  for  24  hours,  then  siphon  off  the  clear  liquid  and 
add  fresh  water.  Stir  again,  and  again  allow  the  solution  to  stand  24 
hours ; siphon  off  the  clear  liquid  as  before,  then  remove  and  dry  the 
sediment,  which  is  carbonate  of  copper.  Using  the  above  quantities 
of  copper  sulphate  aiulsal  soda  there  will  be  formed  3 pounds  of  cop- 
per carbonate.  Sal  soda  sells  at  wholesale  for  1 J cents  per  pound,  so 
that  on  this  basis  the  necessary  chemicals  to  make  3 pounds  of  copper 
carbonate  will  cost  46J  cents,  or  15J  cents  for  1 pound.  The  usual 
wholesale  price  for  this  chemical  is  40  cents  per  pound. 


Circular  No.  5. 
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TREATMENTS. 

Downy  mildew^  brown  and  gray  rot. — Use  either  the  ammoniacal  cop- 
per carbonate  solution,  can  celeste,  or  the  Bordeaux  mixture,  prefer- 
ably the  first  on  account  of  its  being  cheaper  and  not  so  likely  to  injure 
the  foliage.  Make  the  first  application  about  the  time  the  berries  are 
well  formed,  which,  as  a rule,  is  10  or  12  days  in  advance  of  the  mildew. 
Eepeat  the  sprayings  every  12  or  15  days,  or  more  often  if  there  are 
frequent  heavy  rains,  until  the  berries  begin  to  color.  In  some  sections 
where  the  mildew  is  unusually  severe  it  may  prove  advantageous  to 
make  one  or  two  sprayings  after  the  fruit  is  harvested  in  order  to  insure 
perfect  ripening  of  the  wood. 

Eau  celeste  is  now  largely  used  in  the  treatment  of  this  disease  in 
northern  Ohio,  especially  on  the  islands  of  Lake  Erie.  In  this  climate 
it  does  not  seem  to  injure  the  foliage  at  all,  but  this  can  not  be  said  of 
any  other  section  so  far  as  we  know. 

Powdery  mildew. — The  fungus  causing  this  disease  succumbs  readily 
to  treatment  with  any  of  the  copper  compounds.*  Where  the  disease 
exists  alone  we  would  recommend  the  use  of  the  ammoniacal  copper 
carbonate  solution.  In  regions  where  the  mildew  is  common  the  vines 
should  be  carefully  watched,  and  at  the  first  sign  of  the  trouble,  appli- 
cations should  begin  and  be  repeated  at  intervals  of  12  or  15  days. 
Excepting  on  the  Pacific  coast,  there  are  comparatively  few  regions 
where  this  disease  exists  alone,  and  of  course  where  it  is  associated 
with  any  of  the  other  maladies  mentioned  in  this  paper  one  treatment 
will  answer  for  all. 

Blade  rot— Four  general  methods  of  treating  this  disease  are  now 
practiced  by  us,  as  follows: 

(1)  In  spring,  after  the  vines  have  been  pruned  and  before  the  buds 
begin  to  swell,  spray  the  wood  with  the  simple  solution  of  copper  sul- 
l)hate.  About  the  time  the  leaves  are  one-third  grown  apply  the  Bor- 
deaux mixture.  Eepeat  the  latter  treatment  when  the  vines  are  in  full 
bloom  and  thereafter  at  intervals  of  10  or  12  days  until  the  fruit  begins 
to  ripen. 

(2)  Omit  the  spraying  with  the  simple  solution,  but  for  the  rest  follow 
the  rules  laid  down  in  ^o.  1. 

(3)  Treat  exactly  the  same  as  No.  2,  except  use  the  ammoniacal  so- 
lution instead  of  the  Bordeaux  mixture. 

(4)  For  the  two  first  treatments  apply  the  Bordeaux  mixture  the  same 
as  in  No.  2,  then  for  the  rest  of  the  season  use  only  the  ammoniacal 
copper  carbonate  solution. 

In  regard  to  these  various  methods  it  may  be  said  that  No.  1 is  ob- 
jectionable on  account  of  the  additional  cost  of  the  treatment  with  the 
simple  solution.  In  the  majority  of  cases  it  is  doubtful  if  these  early 
applications  do  any  real  good ; still,  in  an  old  vineyard  which  has  never 


* This  does  not  refer  to  Yinifera  stock. 
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been  treated,  it  may  prove  beneficial  by  destroying  many  of  the  dor- 
mant spores.  Method  2 is  probably  the  most  reliable  of  all,  as  it  has 
stood  the  test  of  several  seasons  and  has  never  failed  us,  no  matter  how 
favorable  the  weather  is  for  black  rot  and  other  diseases.  It  is  more 
expensive  than  either  No.  3 or  No.  4,  moreover  the  mixture  by  spotting 
the  fruit  may  render  it  unfit  for  market.  The  plan  outlined  under  No. 
3 last  season  gave  fully  as  good  resul  ts  as  any  of  the  others.  It  possesses 
the  advantage  of  being  cheap  and  requires  no  special  apparatus  to  carry 
it  out.  The  last  method,  or  No.  4,  has  no  particular  advantages  over  the 
others  unless  it  be  that  it  allows  the  use  of  the  Bordeaux  mixture  at  a 
critical  period  without  danger  of  spotting  the  fruit.  All  things  con- 
sidered we  should  advocate  for  an  ordinary  season  either  No.  3 or  No. 
4,  but  if  heavy  rains  are  frequent  we  would  recommend  that  the  Bor- 
deaux mixture  alone  be  used. 

Anthracnose. — This  disease  rarely  occurs  alone.  As  a rule  it  is 
found  associated  either  with  black  rot  or  mildew,  and  when  this  is 
the  case  no  additional  treatment  can,  in  the  i)resent  condition  of  our 
knowledge,  be  recommended.  For  anthracnose  alone  the  only  remedy 
that  has  given  any  beneficial  results  is  the  Bordeaux  mixture,  applied 
in  the  same  manner  as  recommended  for  black  rot. 

General  treatment. — In  many  parts  of  the  country  it  is  a common  thing 
to  find  downy  mildew,  black  rot,  and  anthracnose  all  working  together. 
In  such  cases  the  question  has  arisen  as  to  whether  we  could  not  devise 
some  general  treatment  which  would  hold  all  of  these  maladies  in  check. 
Experience  has  shown  that  any  of  the  treatments  recommended  for 
black  rot  will  do  this  providing  the  anthracnose  is  not  unusually  severe. 

METHODS  OF  APPLYINO  THE  REMEDIES. 

It  is  of  the  utmost  importance  that  the  remedies  reach  all  the  green 
parts  of  the  vine.  These  do  not  need  to  be  drenched ; on  the  contrary 
they  only  require  a thin  film  of  the  fungicide  to  protect  them  against 
' infection.  It  is  only  possible  to  obtain  this  even  distribution  b3"  means 
of  careful  work  and  the  use  of  suitable  spraying  pumps  and  nozzles. 
It  is  next  to  useless  to  resort  to  watering  cans  and  old  brooms  as  many 
do,  although  this  treatment  is  perhaps  better  than  none  at  all.  At  the 
I)resent  time  every  gardener,  farmer,  and  fruit  grower  should  own  a 
spraying  machine  of  some  kind.  There  are  so  many  in  the  market  and 
they  can  be  obtained  so  readily  that  it  is  useless  to  mention  any  partic- 
ular styles.  Where  one  has  only  a few  vines  one  of  the  ordinary  brass 
syringes  sold  by  fiorists  for  $1.50  will  answer.  For  medium-sized  vine- 
yards, i.  e.,  10  to  20  acres,  the  knapsack  * form  of  pump  provided  with 
spraying  nozzles  is  a most  excellent  machine.  These  pumps  are  now 
largely  used  in  vineyards  where  the  ground  is  uneven  or  where  it  is 

* For  fall  description  with  working  drawings  of  a knapsack  pnmp  and  spraying 
nozzles  see  Journal  of  Mycology,  Vol.  6,  No.  ii. 
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difficult  to  get  in  with  the  large  horse -power  machines.  The  prices  of 
these  pumps  complete  range  from  |14  to  $25;  they  are  sold  now  by 
nearly  all  reputable  agricultural  implement  dealers.  For  large  vine- 
yards where  the  ground  is  level  large  machines  may  be  used.  Machines 
of  this  kind  are  made  which  will  spray  an  acre  in  30  minntes,  requiring 
the  labor  of  two  men,  two  horses  and  a boy  to  manage  them. 

A very  convenient  machine  suitable  for  large  vineyards  can  be  rigged 
up  at  home,  the  materials  necessary  being  a barrel,  a strong  force  pump 
having  two  discharge  pipes,  two  pieces  of  three-quarter-inch  hose  each 
16  feet  long,  and  two  spraying  nozzles.  This  outfit  complete  need  not 
cost  over  $15.  The  apparatus  is  placed  in  a wagon  or  cart,  which  is 
drawn  by  a horse.  A boy  manages  the  horse  while  one  man  remains 
in  the  wagon  or  cart  and  works  the  pump;  two  more  men  follow  behind 
using  the  nozzles  and  spraying  two  rows  at  a time.  When  such  a ma- 
chine as  this  is  used  it  will  keep  two  men  busy  preparing  the  fungicide. 


COST  OF  THE  TREATMENTS. 


The  cost  of  the  treatments  will  depend  in  a large  measure  upon  the 
kind  of  spraying  apparatus  used  and  i:)rices  paid  for  chemicals.  With 
a good  spraying  machine  and  chemicals  obtained  at  wholesale  figures  it 
is  safe  to  estimate  the  total  cost  of  treating,  say  an  acre  of  bearing 
grapes  with  the  principal  remedies  six  times,  as  follows: 

Cents. 

Bordeaux  mixture per  vine..  3 

Ammoniacal  solution  do 2 

Bordeaux  mixture,  two  sprayings;  ammouiacal  solution,  four  sprayings. .do 2^ 

Additional  expense  of  spraying  with  simple  solution  of  copper  sulphate  ..do 


These  figures  are  based  upon  the  fact  that  the  chemicals  are  pur- 
chased at  the  following  usual  wholesale  prices : 

Cents- 


Copper  sulphate,  crystals 

Copper  carbonate 

Aqua  ammonia,  26^ 

Ammonia  carbonate 

Lime 


.per  pound.. 

do 

do 

do 

per  bushel.. 


6 

40 

8 

11 

30 


It  requires  on  an  average  3 quarts  of  liquid  per  vine  for  the  season’s 
work  of  six  applications.  Taking  the  foregoing  as  a basis,  we  will,  to 
be  more  explicit,  estimate  the  cost  of  treating  an  acre  of  bearing  vines, 
assuming  that  the  rows  are  10  feet  apart  and  tlie  vines  are  8 feet  apart 
in  the  row.  This  will  give  ns  514  vines  to  the  acre.  Multiplying  544 
by  f will  give  us  408,  the  number  of  gallons  required  to  treat  an  acre. 
Four  hundred  and  eight  gallons  of  the  Bordeaux  mixture  will  cost  as 


follows : 

Copper  sulphate,  111  pounds,  at  6 cents $6.  C6 

Lime,  74  pounds 50 


Total 


$7. 16 
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With  an  ordinary  knapsack  sprayer  it  will  require  about  92  hours  of 
labor  to  make  six  applications  in  the  proper  manner.  Estimating  this 
labor  at  10  cents  an  hour  we  have  $9.20.  Adding  this  to  the  cost  of 
chemicals  brings  the  total  up  to  $10.36.  This  amount  divided  by  544, 
tlie  number  of  vines  to  the  acre,  gives  practically  3 cents.  These  figures, 
we  believe,  will  enable  any  one  to  answer  such  questions  as  may  arise 
in  connection  with  this  part  of  the  subject,  taking  it  for  granted  that 
the  labor  for  each  liquid  is  the  same. 

CONCLUDING  REMARKS. 

Under  this  heading  we  wish  to  call  special  attention  to  the  impor- 
tance of  early  treatment,  and  the  absolute  necessity  of  always  bearing 
in  mind  that  the  work  is  wholly  preventive.  The  man  who  waits  until 
the  mildew  or  black  rot  has  a fair  start  in  his  vineyard,  before  begin- 
ning the  fight,  might  probably  just  as  well  pour  his  fungicides  on  the 
ground  for  all  the  good  it  will  do  his  vines. 

There  is  no  longer  any  question  as  to  the  efficacy  of  these  treatments, 
as  is  evidenced  by  the  fact  that  thousands  of  grape-growers  are  now 
adopting  them,  and  are  saving  in  consequence  all  the  way  from  50 
to  90  per  cent  of  their  crop.  As  the  matter  now  stands,  success  rests 
wholly  with  the  one  who  plans  and  carries  on  the  work. 

One  other  matter  in  this  connection  seems  worthy  of  attention,  and 
that  is  this:  It  should  be  the  aim  of  every  fruit  grower  to  keep  his 
plants  in  health  whether  they  are  bearing  fruit  or  not.  If  they  do  not 
bear  fruit  this  year  they  will  in  all  probability  do  so  the  next.  For  this 
purpose  it  is  necessary  that  they  shall  have  stored  up  sufficient  mate- 
rial to  properly  mature  the  fruit,  and  this  is  made  i)0ssible  only  by  the 
presence  of  vigorous,  healthy  foliage.  Spray,  therefore,  if  it  will  save 
the  foliage,  for  there  is  no  doubt  that  the  little  expended  in  this  way 
will,  in  the  end,  yield  a handsome  profit.  * 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 
Division  of  Vegetable  Pathology, 

^Yas^l^nfJton^  I).  0.,  Fehruary  16,  1891. 


Sir  : I have  the  honor  to  transmit  herewith  a Farmers’  Bulletin  on  the 
treatment  of  smuts  of  oats  and  wheat.  This  bulletin  has  been  ]3repared 
under  my  direction  by  Mr.  W.  T.  Swingle,  an  assistant  in  the  Division, 
who  for  a number  of  years  has  devoted  special  attention  to  smut  dis- 
eases. The  object  of  the  bulletin  is  to  place  before  the  farmers,  in  con- 
cise form,  the  results  of  recent  experiments  made  in  this  country  and 
Europe  in  the  treatment  of  smuts. 

Eespectfully, 


Hon.  J.  M.  Busk, 

Secretary. 


B.  T.  Galloway, 

Chief  of  Division 


farmers’  bulletins. 

The  bulletins  of  this  series  may  be  obtained  by  applying  to  the  Sec- 
retary of  Agriculture,  Washington,  D.  0.  The  following  have  been 
l>reviously  issued  : 

Farmers’  Bulletin  No.  1.  The  What  and  Why  of  Agricultural  Experiment  Sta- 
tions. (A  brief  explanation  of  the  objegt,  origin,  and  development  of  the  stations, 
their  work  in  Euroi^e  and  in  the  United  States,  and  the  operations  of  the  Office  of 
Experiment  Stations  of  the  Department  of  Agriculture.)  Prex)ared  by  the  Office  of 
Experiment  Stations,  pp.  16.  Issued  June,  1889. 

Farmers’  Bulletin  No.  2.  The  Work  of  the  Agricultural  Experiment  Stations. 
(Illustrations  of  station  work  in  the  following  lines : better  cows  for  the  dairy ; 
fibrin  in  milk;  bacteria  in  milk,  cream,  and  butter;  silos  and  silage;  alfalfa;  and 
field  experiments  with  fertilizers.)  pp.  16.  Pre2)ared  by  the  Office  of  Exi)eriment 
Stations.  Issued  June,  1889. 

Farmers’  Bulletin  No.  3.  The  Culture  of  the  Sugar  Beet.  (Treats  of  the  climatic 
conditions,  soil,  fertilizers,  and  cultivation  required  by  the  sugar  beet,  cost  of  grow- 
ing, time  to  harvest,  and  method  of  siloing;  describes  briefly  the  process  of  beet- 
sugar  manufacture,  aud  gives  statistics  of  sugar  production  and  consumption.)  By 
H.  W.  Wiley,  chemist  of  the  Department  of  Agriculture,  pp.  24.  Issued  March, 
1891. 

Farmers’  Bulletin  No.  4.  Fungous  Diseases  of  the  Grape  and  their  Treatment. 
(Describes  downy  mildew,  powdery  mildew,  black  rot,  and  anthracnose  of  grapes, 
and  gives  instructions  for  their  treatment  and  estimated  cost  of  remedies^  By  B.  T. 
Galloway,  chief  of  the  Division  of  Vegetable  Pathology,  pp.  12.  Issued  March, 
1891. 
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TREATMENT  OF  SMUTS  OF  OATS  AND  WHEAT. 


BY  AV.  T.  SWINGLE. 


Smuts  are  minute  parasitic  plants  belonging  to  tlie  great  group  fungi» 
By  their  action  they  cause  diseases  of  higher  jolauts.  The  tAVO  smuts 
which  cause  the  greatest  damage  in  the  United  States^  and  which  for 
this  reason  will  be  chiefly  considered  here,  are  the  loose  smut  of  oats 
and  the  stinking  smuts  of  wheat.  It  is  hoped  that  the  folio Aviug  brief 
descriptions  will  enable  any  one  to  recognize  them. 

THE  LOOSE  SMUT  OF  OATS. 

In  case  of  the  loose  smut  of  oats  the  grains  and  usually  the  husks  are 
transformed  into  a black  poAv^dery  mass  consisting  of  the  spores  of  the 
fungus  intermixed  with  a few  shreds  of  tissue  of  the  plant  itself.  The 
oatplants  first  show  signs  of  the  disease  at  the  time  of  heading  out,  when,, 
instead  of  a normal  head,  a smutted  one  is  produced.  The  smut  becomes 
fully  mature  at  the  time  of  blossoming  of  the  oats  and  is  then  easily 
scattered  by  the  winds.  By  harvest  time  the  smut  has  often  been  en- 
tirely blown  away,  leaving  only  the  naked  and  stalk  remaining.  The 
fungus  is  known  to  botanists  as  Ustilarjo  avenae  (Pers.)  Jensen.  In 
Plate  I Fig.  1 shoves  a large  smutted  head,  the  husks  of  Avhich  are  only 
partially  destroyed  by  smutj  Fig.  2,  a fully  smutted  head;  and  Fig.  3,  a 
fully  smutted  head  as  it  appears  at  harvest  time  with  nearly  all  the 
smut  blown  away. 


THE  STINKING  SMUT  OF  WHEAT. 

This  smut,  unlike  that  of  oats,  attacks  only  the  grain.  In  consequence 
the  heads  have  nearly  their  normal  appearance.  Upon  close  examina- 
tion the  grains  are  seen  to  be  swollen,  of  a greenish  color  at  first,  but 
finally  broAvn  or  gray.  If  one  of  these  SAVollen  smutted  grains  be 
crushed  it  Avill  be  found  to  be  filled  with  a dull  brownish  poArder  which 
has  a very  penetrating  and  disagreeable  odor.  The  presence  of  this 
odor,  which  has  given  rise  to  the  common  name,  is  a very  good  test  for 
the  presence  of  the  smut.  The  smut  is  due  to  either  of  two  very  nearly 
identical  fungi,  Tllletia  foete)is{B.  & 0.)  Schroet.  and  T.  tritici  (BJ.)  Wint. 
Figs.  4 and  5 of  the  iilate  sIioay  smutted  heads  of  awned  Avheat  and 
beardless  wheat  respectively. 
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AMOUNT  OF  DAMAGE. 

The  amount  of  damage  caused  by  the  loose  smut  of  oats  is  very  rarely 
fully  appreciated.  Wherever  careful  iuvestigations  have  been  made 
the  per  cent  of  heads  attacked  by  smut  has  been  found  to  be  considera- 
ble. The  average  loss  is  from  5 to  12  per  cent  in  different  localities  in  the 
United  States.  The  percentage  of  smutted  heads  also  varies  in  a given 
locality  in  different  years.  Usually  the  smut  is  not  noticed  at  all  un- 
less it  is  very  abundant,  for  by  harvest  time  most  of  the  smut  has  fallen 
from  the  diseased  heads,  leaving  often  only  the  bare  and  inconspicuous 
stalks.  The  question  will  no  doubt  be  asked : Will  it  pay  to  treat  the 
oats  for  seed  when  only  5 or  even  10  per  cent  of  the  heads  are  smutted? 
It  may  be  said  in  answer  that  the  per  cent  of  heads  destroyed  by  smut 
does  not  represent  the  amount  that  will  be  recovered  by  treating  the 
seed.  In  all  the  careful  experiments  made  with  the  methods  of  seed  _ 
treatment  described  below  there  has  been  found  to  be  an  extra  increase 
beyond  and  above  the  amount  that  would  naturally  be  expected  by  re- 
placing smutted  heads  with  sound  ones.  This  extra  increase  is  found 
to  range  from  one  to  ten  times  the  amount  of  direct  damage  resulting 
from  the  loss  of  the  smutted  heads.  Besides  this  gain  there  is  that 
arising  from  the  fact  that  the  oats  raised  from  treated  seed  tvill  produce 
a crop  free  from  smut,  if  there  are  no  smutty  oats  in  neighboring  fields. 
Taking  all  these  facts  into  consideration  it  is  highly  probable  that  it 
will  be  found  ])rofitable  to  treat  seed  oats  if  they  come  from  a field 
showing  more  than  1 per  cent  of  smutted  heads,  and  it  will  certainly 
pay  to  treat  the  seed  if  it  came  from  a field  showing  more  than  3 per 
cent  of  smutted  heads.  It  is  a fair  estimate  based  on  counts  made  in 
many  parts  of  the  Union  to  estimate  the  net  gain  to  be  obtained  by  treat- 
ing seed  oats  at  8 per  cent  of  the  crop  obtained.  Since  the  aggregate 
value  of  the  oat  crop  of  the  United  States  from  1880  to  1890  was 
$2,030,712,005,*  the  net  gain  from  a universal  system  of  seed  treatment 
would  have  been  $102,457,008.40  for  those  years. 

Every  farmer  who  raises  oats  is  strongly  urged  to  treat  the  seed 
unless,  upon  careful  counts  made  in  different  parts  of  the  field,  there 
are  found  to  be  less  than  three  heads  out  of  every  hundred  smutted. 
Above  all,  do  not  conclude  that  because  you  have  not  noticed  any  con- 
siderable amount  of  smut  in  your  fields  it  will  not  pay  to  treat  the  seed. 
The  safer  method  would  be  to  treat  the  seed,  unless  the  field  from  which 
it  was  obtained  is  known  to  be  free  from  the  smut.  It  should  also  be 
remembered  that  the  gain  is  just  as  real  even  if  oats  are  not  a paying 
crop,  or  even  if  merely  grown  for  straw,  for  there  is  found  to  be  an 
increase  in  the  weight  of  straw  grown  from  treated  oats. 

The  stinking  smut  of  wheat  is  unfort unatelj^  too  well  known  and  too 
much  feared  by  both  farmers  and  millers  to  need  here  any  recital  of  the 
damage  it  causes.  Suffice  it  to  say  that  when  once  introduced  it  usually 

^Dodge,  J.  R.  Report  of  the  Statistician,  in  Report  of  the  Secretary  of  Agricul- 
ture, 1890,  j).  301. 
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Smuts  of  Oats  and  Wheat. 


Increases  year  by  year,  until  often  40  to  GO  per  cent  of  the  grain  is 
destroyed.  Besides  this,  tlie  remaining  portion  is  rendered  unsalable 
as  well  as  unfit  for  seed.  Farmers  do  not  need  to  be  urged  to  treat  the 
seed  to  prevent  this  smut,  as  they  are  only  too  glad  to  learn  of  any  cer- 
tain method  of  i)reventing  the  ravages  of  this  foe.  As  the  smutted 
grain  is  easily  recognized  by  the  odor,  and  as  it  is  abseut  altogether 
from  many  parts  of  tlie  country,  it  will  be  wiser  not  to  treat  the  wheat 
for  seed  unless  the  smut  is  known  to  be  present. 

OTHER  SMUTS. 

Loose  smut  of  tvlieat. — In  addition  to  the  stinking  smut,  wheat  is 
also  subject  to  a loose  smut  much  like  that  of  oats,  and,  like  that,  with- 
out odor.  As  yet  no  method  of  combating  it  can  be  recommended. 
The  loose  smut  of  wheat  is  caused  by  Ustilago  trltici  (Pers.)  Jens. 

Barley  smuts. — Barley  is  subject  to  two  loose  smuts,  both  somewhat 
like  oat  smut.  Tney  may  be  prevented  by  soaking  the  seed  barley 
four  hours  in  cold  water,  letting  it  stand  four  hours  in  a moist  state  in 
sacks,  and  finally  treating  in  hot  water  as  directed  for  oats  and  wheat, 
But  only  for  live  minutes  and  at  a temperature  of  126°  to  128°  F. 

HOW  TO  PREVENT  OAT  AND  WHEAT  SMUT. 

It  has  been  found  that  the  infection  of  the  plant  takes  place  when 
tlie  seed  is  germinating  and  from  spores  adhering  to  the  seed  when 
planted.  If  these  adhering  spores  can  be  killed  a crop  wholly  free  from 
smut  can  be  obtained.* 

The  Jensen  or  hot-icater  treatment  for  oat  and  wheat  smut. — This 
method,  discovered  by  J.  L.  Jensen,  of  Denmark,  in  1887,  consists  in 
immersing  the  seed  which  is  supposed  to  be  infected  with  smut  for  a 
few  minutes  in  scalding  water.  The  temperature  must  be  such  as  to 
kill  the  smut  spores,  and  the  immersion  must  not  be  prolonged  so  that 
the  heat  would  injure  the  germinative  power  of  the  seed.  If  the  water 
is  at  a temperature  of  132 F.,  the  spores  will  be  killed,  and  yet  the 
immersion,  if  not  continued  beyond  fifteen  minutes,  will  not  in  the  least 
injure  the  seed.  The  temperature  must  be  allowed  to  vary  but  little 
from  132^0,  in  no  case  rising  higher  than  135°,  or  falling  below  130^. 
To  insure  these  conditions  when  treating  large  quantities  of  seed,  the 
following  suggestions  are  offered: 

Provide  two  large  vessels — as  two  kettles  over  afire,  or  boilers  on  a cook 
stove,  the  first  containing  warm  water  (say  110^  to  130^),  the  second 
containing  scalding  water  (132^o), 

* There  is  some  good  eA'idence  to  show  that  fresh  mauure  of  herbivorous  animals 
containing  smut  spores  may,  if  applied  at  the  time  of  planting,  infect  the  young 
plants.  It  is  hardly  necessary  to  mention  this  manner  of  infection,  since  almost  no 
American  farmers  manure  grain  fields  in  this  manner.  There  is  no  danger  in  using 
well  rotted  manure. 
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The  first  is  for  the  purpose  of  warming  the  seed  preparatory  to  dipping 
it  into  the  second.  Unless  this  precaution  is  taken  it  will  be  difficult 
to  keep  the  water  in  the  second  vessel  at  a proper  temperature. 

The  seed  which  is  to  be  treated  must  be  placed,  a half  bushel  or 
more  at  a time,  in  a closed  vessel  that  will  alloAv  free  entrance  and 
exit  of  water  on  all  sides.  For  this  puri)ose  a bushel  basket  made  of 
heavy  wire  could  be  used,  with  which  spread  wire  netting,  say  12 
meshes  to  the  inch,  or  an  iron  frame  could  be  made  at  a trilling  cost, 
over  which  the  wire  netting  could  be  stretched.  This  would  allow  the 
water  to  pass  freely  and  yet  prevent  the  passage  of  the  seed.  A sack 
made  of  loosely  woven  material  (as  gunny  sack)  could  perhaps  be 
used  instead  of  the  wire  basket.  A perforated  tin  vessel  is  in  some 
respects  preferable  to  any  of  the  above. 

^N'ow  dip  the  basket  of  seed  in  the  first  vessel  j after  a moment  lift  itf 
and,  when  the  water  has  for  the  most  part  escaped,  plunge  it  into  the 
water  again,  repeating  the  operation  several  times.  The  object  of  the 
lifting  and  plunging,  to  which  should  be  added  also  a rotary  motion,  is- 
to  bring  every  grain  in  contact  with  the  hot  water.  Less  than  a minute 
is  required  for  this  preparatory  treatment,  after  which  plunge  the  basket 
of  seed  into  the  second  vessel.  If  the  thermometer  indicates  that  the 
temperature  of  the  water  is  falling,  pour  in  hot  water  until  it  is  elevated 
to  132JO.  If  it  should  rise  higher  than  132^,  add  small  quantities  of 
cold  water.  This  will  doubtless  be  the  most  simple  method  of  keeping 
the  proper  temiDerature  and  requires  only  the  addition  of  two  small 
vessels,  one  for  cold  and  one  for  boiling  water. 

Steam,  conducted  into  the  second  vessel  by  a pii)e  provided  with  a 
stopcock,  answers  even  better,  both  for  heating  the  water  and  elevat- 
ing the  temperature  from  time  to  time. 

The  basket  of  seed  should,  very  shortly  after  its  immersion,  be  lifted 
and  then  plunged  and  agitated  in  the  manner  described  above  j and  the 
operation  should  be  repeated  eight  or  ten  times  during  the  immersion, 
which  should  be  continued  fifteen  minutes.  In  this  way  every  portion 
of  the  seed  will  be  subjected  to  the  action  of  the  scalding  water.  Im- 
mediately after  its  removal  dash  cold  water  over  it  or  plunge  it  into  a> 
vessel  of  cold  water  and  then  spread  out  to  dry.  Another  portion 
can  be  treated  similarly,  and  so  on  until  all  the  seed  has  been  disin- 
fected. Before  thoroughly  dry  the  seed  can  be  sown;  but  it  may  be 
thoroughly  dried  and  stored  if  desired. 

The  important  precautions  to  be  taken  are  as  follows : (1)  Maintam 
the  proper  temperature  of  the  water  (132Jo  F.),  in  no  case  allowing  it  ta 
rise  higher  than  135^  or  to  fall  below  130°.  This  will  not  be  difficult  to- 
do  if  a reliaUe  thermometer  is  used  and  hot  or  cold  water  be  dipped  into 
the  vessel  as  the  falling  or  rising  temperature  demands.  Immersion 
fifteen  minutes  will  not  tiien  injure  the  seed.  (2)  See  that  the  volume 
of  scalding  water  is  much  greater  (at  least  six  or  eight  times)  than  that 
of  the  seed  treated  at  any  one  time.  (3)  Xever  fill  the  basket  or  sack 
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containing  the  seed  entirely  full,  but  always  leave  room  for  the  grain  to 
move  about  freely.  (4)  Leave  the  seed  in  the  second  vessel  of  water 
fifteen  minutes. 

The  hot-water  treatment  for  oats. — The  foregoing  method  is  applicable 
to  both  wheat  and  oats.  With  oats  the  following  slight  modifications 
are  probably  advantageous:  (1)  Have  the  water  in  the  second  vessel 
143JO  F.  and  immerse  the  seed  five  minutes,  cooling  with  cold  water 
afterwards.  Where  large  amounts  of  seed  are  to  be  treated  this  will 
prove  the  most  speedy  form  of  the  treatment,  but  great  care  must  be 
taken  to  see  that  every  grain  is  thoroughly  wetted.  (2)  Have  the  water 
in  the  second  vessel  at  132 y.  ; immerse  the  seed  ten  minutes  and  do 
not  cool  with  cold  water,  but  spread  out  at  once  to  dry.  This  last  is 
no  doubt  the  best  form  of  the  Jensen  treatment  for  oats,  since  it  re- 
quires a shorter  time  than  the  regular  method  and  the  warmth  of  the 
grain  aids  it  materially  in  drying.  Moreover,  experiments  have  shown 
that  seed  treated  in  this  way  yields  the  most  grain  and  straw,  ^^’either 
of  these  modifications  can  be  recommended  for  wheat  without  more  data 
than  we  now  possess. 

Potassium  sulphide  treatment  Jor  oats. — In  this  treatment  the  seed  is 
left  twenty-four  hours  in  a one-half  per  cent  solution  of  potassium  sul- 
phide. The  published  experiments  seem  to  show  that  a weak  solution 
of  iiotassium  sulifiiide  is  nearly  as  good  as  the  hot  water.  The  potassium 
sulphide  is  cheapest  in  the  ^Hused”  condition,  in  which  form  it  costs 
about  25  cents  a iiound.  One  pound  of  the  sulphide  should  be  dissolved 
in  24  gallons  of  wmter.  Place  the  seed  in  a ivooden  vessel  and  pour  on 
the  solution  till  the  seed  is  covered  several  inches  deep.  Stir  the  solu- 
tion before  pouring  it  on  the  grain  and  thoroughly  mix  the  seed  several 
times  before  taking  it  out  of  the  solution.  The  oats  should  stand  in  the 
solution  twenty-four  hours,  after  which  they  may  be  spread  out  to  dry. 
The  solution  gradually  loses  its  strength  and  hence  can  not  be  used 
more  than  three  or  four  times  without  being  renewed. 

It  will  probably  be  best  to  sow  the  seed  as  soon  as  possible  and  be- 
fore it  becomes  thoroughly  dry. 

Soaking  the  seed  twelve  hours  in  a solution  of  twice  the  strength 
will  no  doubt  prove  effectual. 

Copper  sulphate  treatment  for  ivheat. — This  consists  in  immersing  the 
seed  in  a solution  made  by  dissolving  1 pound  of  commercial  copper  sul- 
phate in  24  gallons  of  water  for  twelve  hours  and  then  putting  the  seed 
for  five  or  ten  minutes  into  lime  water  made  by  slaking  1 pound  of  good 
lime  in  10  gallons  of  water. 

Tliese  treatments  have  all  been  tried  and  have  proved  effective. 
Probably  the  hot  water  is  the  best  for  general  use.  In  some  parts  of 
the  country  seed  wheat  is  treated  in  strong  solutions  of  copper  sulphate 
and  no  lime  is  used.  This  x)ractice  is  much  inferior,  since  it  injures  the 
seed,  while  those  given  here  prevent  the  smut  completely  and  at  the 
same  time  do  not  injure  the  seed  if  carefully  followed.  In  all  forms  of 
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seed  treatment  care  slionld  be  taken  to  spread  the  grain  out  to  dry  at 
once  and  by  frequent  Stirling  prevent  its  spoiling.  The  treated  seed 
should  be  handled  only  with  clean  tools  and  should  be  put  in  sacks  dis- 
infected by  boiling  fifteen  minutes.  If  these  precautions  are  not  taken 
the  seed  may  be  infected  again  after  treatment,  especially  in  case  of 
stinking  smut  of  wheat.  If  the  seed  is  to  be  sown  broadcast  it  will  not 
have  to  be  so  dry  as  if  it  is  to  be  drilled.  The  seed  maybe  treated  v^tb 
hot  water  a considerable  time  before  planting  if  dried  carefully,  but  it 
is  probably  better  to  treat  just  before  planting. 

In  conclusion,  this  bulletin  will  fail  of  its  object  if  it  does  not  induce 
you  to  treat  your  oats  and  wheat  this  year.  It  should  be  remembered 
that  the  recommendations  here  given  are  not  from  theoretical  grounds 
alone,  but  are  justified  by  the  rcMiits  of  extended  and  laborious  experi- 
ments many  times  repeated. 
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Experiment  Stations;  pp.  16.  Issued  June,  1889. 
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Galloway,  Chief  of  the  Division  of  V egetable  Pathology ; pp.  12.  Issued  March,  1891. 

Farmers’  Bulletin  No.  5.  Treatment  of  Smuts  of  Oats  and  Wheat.  (Describes  the 
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TOBACCO:  INSTRUCTIONS  FOR  ITS  CULTIVATION  AND  CURING. 


CULTIVATION  OF  THE  TOBACCO  PLANT. 

The  plant  is  first  raised  in  seed  beds  till  large  enough  to  transplant^ 
the  same  as  cabbage  and  tomato  plants.  These  beds  should  be  prop- 
erly located  and  carefully  prepared. 

SEED  BED  ON  NEW  LAND. 

Select  a sheltered  spot  sloping  gently  to  the  south  and  well  exposed 
to  the  rays  of  the  sun.  Upon  this  plat  burn  brush  or  wood  until  the 
soil  is  made  hot  enough  to  kill  the  seeds  of  grass  and  weeds.  With  a 
hoe  or  spade  stir  the  earth  2 or  3 inches  deep,  but  do  not  disturb  the  sub- 
soil. If,  in  preparing  a seed  bed  on  new  land,  an  inch  of  the  surface 
soil  is  removed  or  the  subsoil  is  brought  to  the  surface,  plants  will  not 
grow.  Eake  and  work  the  bed  until  the  surface  has  been  made  mel- 
low and  fine  j well-rotted  manure  spread  over  the  surface  and  thoroughly 
raked  in  will  promote  the  growth  of  the  plants.  Remove  all  roots  and 
trash;  run  shallow  trenches  or  hard-beaten  paths  at  intervals  of  4 or  5 
feet  through  the  bed,  and  dig  a trench  4 or  5 inches  deep  on  the  upper 
side  and  at  the  ends;  without  this  protection  heavy  rains  wiU  drift  the 
seed  and  cover  many  of  them  too  deeply. 

One  tablespoonful  of  seed  will  sow  a bed  10  feet  square,  which  will 
furnish  plants  enough  to  set  an  acre.  Mix  the  seed  with  dry  ashes  and 
sow  evenly.  Brush  or  rake  in  the  seed  very  lightly.  Compact  the 
earth  by  treading  with  the  feet  or  by  the  use  of  alight  roller,  leaving  the 
surface  smooth  and  even.  Cover  with  light  brush  thick  enough  to 
slightly  shade  the  plants  and  protect  them  from  frost  or  drying  winds. 
The  brush  may  be  left  upon  the  bed  until  the  plants  are  half  grown  to 
the  size  for  transplanting.  Leaves  or  trash  which  accumulate  upon 
the  bed  must  be  removed.  Something  heavier,  like  pine  or  cedar 
boughs  or  cornstalks,  may  be  used  as  a covering  for  the  bed,  but  these 
mustbe  removed  soon  after  the  plants  are  up. 

SEED  BEDS  ON  OLD  LAND. 

The  practice  is  to  burn  the  surface  until  the  soil  is  baked  half  an 
inch  deep.  This  is  done  to  effectually  destroy  foul  seeds  and  because 
the  plants  grow  best,  as  many  believe,  upon  soil  that  has  been  thus 
baked. 
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As  soon  as  the  bed  has  cooled  off  the  soil  is  stirred  and  worked  to  a 
depth  of  3 inches,  being  reversed  as  little  as  possible.  A liberal  appli- 
cation of  well-rotted  manure  or  commercial  fertilizer  is  made,  and  the 
bed  is  worked  until  it  is  put  in  fine  condition. 

If  the  seed  is  sprouted  before  being  sown,  and  the  beds  are  covered 
with  canvas,  plants  large  enough  to  transplant  may  be  obtained  in  from 
thirty  to  forty  days. 

HOW  TO  SPROUT  THE  SEED. 

Upon  several  layers  of  woolen  cloth  spread  the  seed  about  one-quarter 
of  an  inch  thick.  Cover  well  with  woolen  cloth,  thoroughly  soak  the 
whole  mass  with  warm  water,  and  set  in  a warm  place  near  the  stove. 
Keep  moist  with  warm  water.  In  three  or  four  days  small  white  spots 
will  indicate  germination.  Thoroughly  mix  the  seed  with  dry  ashes  and 
sow. 

HOW  TO  COVER  WITH  CANVAS. 

The  bed  should  be  5 feet  6 inches  wide,  with  a southern  exposure. 
Place  boards  6 inches  wide  around  the  bed,  and  to  keep  these  on  edge 
fasten  by  driving  small  stakes  on  each  side,  or  drive  stakes  and  nail 
the  boards  to  them.  Across  this  frame,  at  intervals  of  3 feet,  fasten 
narrow  strips  to  support  the  cloth.  Bank  up  with  earth.  Two  widths 
of  light  cotton  cloth  sewed  together  will  form  the  cover.  Upon  the  sides 
and  ends  of  this  cover  sew  small  loops  of  oloth  or  heavy  twine.  Stretch 
the  cover  over  the  frame  and  fasten  the  loops  to  nails  driven  at  proper 
distances  in  the  outside  of  the  frame.  The  cotton  cloth  used  for  cover- 
ing the  beds  should  be  a medium  between  the  common  grade  and  what 
is  known  as  cheese  cloth.  The  cover  should  be  removed  a few  days 
before  the  plants  are  set  out. 

HOW  TO  HASTEN  THE  GROWTH  OF  PLANTS. 

Set  up  a leach  of  weU-rotted  manure.  Manure  from  the  chicken  house 
is  the  best.  To  one  part  of  the  liquid  from  the  leach  add  three  parts  of 
water  and  sprinkle  upon  the  plants.  Strong  liquid  manure  will  injure 
or  kill  the  plants,  but  if  used  at  proper  strength  it  is  the  best  fertilizer 
that  can  be  applied. 

Beginners  are  apt  to  make  a mistake  at  the  very  outset  in  not  raising 
plants  enough. 

PREPARATION  OF  THE  SOIL  FOR  TRANSPLANTING. 

Old  land  should  be  plowed  to  a depth  of  8 inches  early  in  the 
fall.  In  February  apply  stable  manure  or  commercial  fertilizer,  or 
both,  and  plow  under  to  a depth  of  3 or  4 inches.  The  last  of  April  or 
the  first  of  May,  or  earlier,  as  the  season  permits  in  the  Southern 
States,  plow  the  land  again  to  the  same  depth  that  it  was  plowed  in 
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February,  and  with  drag  or  barrow  and  roller  pulverize  it  tborougbly. 
Sod  land  plowed  late  in  tbe  fall,  or  in  tbe  winter  or  si)ring,  should  not 
be  replowed  with  tbe  turn  plow,  but  should  be  put  in  good  condition 
with  tbe  double-shovel  plow,  cultivator,  and  drag. 

With  a marker  made  for  tbe  purpose,  lay  off  tbe  land  in  rows  3 feet 
3 inches  apart  each  way,  and  with  a hoe  make  small  bills  at  the  inter- 
section of  tbe  rows.  Instead  of  bills,  lists”  or  ridges  may  be  made  by 
throwing  two  or  four  furrows  together  with  a light-turn  plough  drawn 
by  one  horse.  The  “list”  or  ridge  thus  made  should  be  trimmed  and 
patted  with  the  hoe  at  the  proper  place  for  hills. 

In  preparing  land  for  a crop  of  tobacco  the  soil  should  be  put  in  such 
perfect  condition  that  no  future  cultivation  should  be  required,  except 
to  kill  the  weeds  and  keep  the  surface  mellow. 

TRANSPLANTING  TOBACCO. 

About  the  1st  of  May,  or  as  soon  as  warm  growing  weather,  accord- 
ing to  climate  and  season,  is  assured,  the  plants  should  be  set  out. 
Showery  or  damp  cloudy  weather  affords  the  best  time  for  doing  this. 
When  the  largest  leaves  are  2J  inches  wide  "he  plant  is  large  enough 
to  set. 

Saturate  the  plant  beds  by  pouring  water  carefully  upon  them.  This 
will  loosen  the  soil  so  that  the  plants  may  be  drawn  with  the  least  pos- 
sible injury  to  the  roots.  Pull  the  plants  carefully,  one  at  a time,  lay- 
ing them  straight  and  in  a position  to  protect  the  leaves  from  mud  and 
dirt.  In  setting  out  tobacco  a hole  is  made  in  the  hill  with  the  fingers 
or  a short  sharpened  stick.  Into  this  opening  the  roots  of  the  plant 
are  inserted  and  the  earth  is  pressed  firmly  about  them.  In  transplant- 
ing tobacco  it  is  important  to  obtain  an  even  stand.  When  the  plants 
grow  evenly  they  may  be  cultivated  easily  and  effectively,  and  they  may 
all  be  topped  and  harvested  at  the  same  time.  To  obtain  this  even 
stand  or  growth,  the  soil  must  be  put  in  good  condition,  the  hills  must 
be  made  of  mellow  earth  and  well  firmed  or  patted  with  the  hoe,  the 
deadly  cutworm  must  be  hunted  out  and  killed,  and  good  plants  must 
be  set  in  place  of  those  destroyed  at  the  first  opportunity. 

CULTIVATION. 

The  best  time  to  kill  the  weeds  is  just  before  they  appear  upon  the 
surface.  Stir  the  soil  often  and  keep  it  loose  and  mellow.  If  the  soil 
is  heavy  or  has  been  beaten  down  with  rain,  the  first  cultivation  should 
be  deep.  The  roots  of  the  tobacco  plant  grow  rapidly,  soon  filling  the 
earth  completely  between  the  rows.  The  tobacco  field  should,  therefore, 
be  well  cultivated  early  in  the  season,  and  late  cultivation,  if  necessary, 
should  be  shallow. 

The  hornworm  generally  puts  in  an  early  appearance,  and  it  must  be 
hunted  diligently  throughout  the  season  and  destroyed,  or  it  will  greatly 
injTire  or  ruin  the  crop.  The  first  week  of  its  existence  is  occupied  in 
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eating  several  small  holes  in  the  leaf  near  the  spot  where  the  egg  was 
deposited  by  the  parent  moth,  generally  upon  a lower  leaf.  These 
small  holes  indicate  its  hiding  place  during  the  first  week  of  its  life  and 
will  aid  in  its  discovery. 

PRUNING  AND  TOPPING. 

Pruning  consists  in  stripjiing  off  the  lower  leaves,  leaving  the  stalk 
bare  6 or  8 inches  above  the  surface  of  the  hill.  In  topping,  that  is, 
removing  the  ui)i)er  or  flower  stalk,  from  8 to  12  leaves  are  left  upon 
the  plant,  according  to  strength  of  soil,  t3^e  of  tobacco,  etc.  Good 
soil  will  mature  a greater  number  of  leaves  than  poor  soil,  and  the 
bright  varieties  are  topped  higher  than  the  dark  or  export  varieties. 

The  leaves  of  the  tobacco  plant  stand  in  eight  perpendicular  ranks. 
The  ninth  leaf  stands  over  the  first.  This  fact  will  assist  the  beginner 
in  determining  the  number  of  leaves  upon  a plant  without  counting 
them.  With  practice  the  point  at  which  a plant  should  be  topped  can 
be  fixed  at  a glance. 

Suckers  should  not  be  allowed  to  sap  the  plant.  They  should  be 
broken  off  every  week,  care  being  taken  not  to  injure  the  leaves. 

CUTTING  AND  CURING. 

About  six  weeks  after  the  plant  has  been  topped  it  will  have  fully 
attained  its  growth.  The  leaves  will  become  thick  and  brittle,  breaking 
easily,  and  they  change  in  color  from  green  to  a pale  yellowish  green. 
These  conditions  indicate  that  the  plant  is  ripe  and  ready  for  the  harvest. 
With  a thin  butcher  knife  the  stalk  is  sjplit  from  the  top  to  within  a few 
inches  of  the  bottom  leaves  j the  stalk  is  then  cut  just  below  the  lowest 
leaves.  The  plant  is  placed  astride  upon  sticks,  and  these  sticks  are 
hung  out  of  doors  upon  a scaffold,  which  consists  of  two  poles  standing 
on  an  incline  as  far  apart  as  the  sticks  are  long,  so  that  the  plants  hang- 
ing from  the  sticks  will  not  interfere ; or  else  the  plants  are  conveyed 
immediately  to  the  curing  barn. 

SUN-CURED  TOBACCO. 

Sun-cured  tobacco  is  hung  first  upon  scaffolds  for  from  five  to  ten 
days,  according  to  the  weather,  and  is  then  hung  m the  barn,  where  it 
is  cured  by  air  alone,  no  fire  being  used. 

Properly  constructed  barns  for  curing  tobacco  by  this  process,  or  by 
what  is  known  as  the  air-curing  process,  should  be  built  practically 
air-tight,  with  adjustable  ventilators.  Bail  pens  or  cheap  and  open 
sheds  are,  however,  often  used  as  a makeshift  from  lack  of  means  or 
desire  to  erect  better  buildings. 

CURING  WITH  OPEN  FIRES. 

The  custom  of  curing  tobacco  with  open  fires  is  still  practiced  to  some 
extent.  The  tobacco  is  ifiaced  upon  scaffolds  four  or  five  days  until  it 
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is  well  yellowed,  when  it  is  hung  in  the  barn  and  fires  are  kindled  under 
it.  The  fires  are  made  to  burn  with  the  least  possible  blaze,  slowly  at 
first,  but  the  heat  is  gradually  increased,  and  maintained  continuously 
until  the  leaf,  except  the  upper  half  of  the  stem,  is  entirely  cured.  This 
process  is  fast  losing  its  old-time  popularity,  and  will  doubtless  soon  be 
superseded  by  better  methods. 

CURING  BRIGHT  TOBACCO  WITH  FLUES. 

This  is  a somewhat  difficult  process,  requiring  practice  to  insure  the 
best  results.  The  curing-barn  should  be  made  nearly  air-tight  and  pro- 
vided w«ith  ample  ventilation  readily  controlled.  We  give  the  England 
m ethod : 

First.  Yellowing  process,  90  degrees,  from  twenty-four  to  thirty  hours. 

Second.  Fixing  color,  100  degrees,  four  hours j 100  to  110  degrees, 
increasing  degrees  every  two  hours  j 110  to  120  degrees,  four  to  eight 
hours. 

Third.  Curing  the  leaf,  120  to  125  degrees,  six  to  eight  hours. 

Fourth.  Curing  stalk  and  stem,  125  to  170  degrees,  increasing  5 de- 
grees an  hour,  and  continue  at  170  degrees  until  stalk  and  stem  are  thor- 
oughly killed  and  dry,  which  usually  requires  from  twelve  to  fifteen 
hours. 

After  the  tobacco  has  been  cured  it  must  be  stripped  and  sorted, 
during  damp  weather^  and,  if  not  sold  loose,  it  must  be  bulked  or  rehung 
and  packed.  It  should  be  handled  only  when  in  good  order.  The 
leaves  are  generally  sorted  as  they  are  stripped  from  the  stalk  into  five 
or  six  grades — three  or  four  of  leaf  and  two  of  lugs.  The  different 
grades  are  tied  in  small  bands  or  bundles,  and  the  crop  is  sold  loose  or 
placed  on  the  sticks  and  hung  up  as  soon  as  stripped,  to  be  taken  down 
and  packed  in  spring  or  summer. 

EFFECTS  OF  CLIMATE. 

Success  in  the  production  of  tobacco  involves  not  only  a knowledge 
of  the  best  methods  to  be  employed  in  its  culture  and  curing,  but  also 
a knowledge  of  what  types  can  be  most  successfully  raised  in  different 
localities  and  upon  different  soils.  And  when  it  is  known  what  class 
of  tobacco  may  be  produced  in  any  locality,  it  is  also  necessary  to  know 
what  varieties  must  be  cultivated  to  produce  the  most  perfect  type  of 
that  class. 

Climate  determines  the  class  of  tobacco  which  may  be  produced 
within  certain  areas.  Thus  the  fortieth  parallel  marks,  quite  abruptly, 
the  boundary  line  between  the  cigar-leaf  districts  on  the  north  and  the 
regions  which  produce  the  manufacturing  and  exj)ort  types  south  of 
that  line. 

Between  the  fortieth  and  thirty-fifth  parallels  of  latitude  lies  the  great 
tobacco  belt  of  the  United  States,  where  tobacco  has  always  been  a 
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leading  crop  and  where  its  cultivation  is  generally  well  understood. 
South  of  the  thirty-fifth  parallel,  in  the  States  of  South  Carolina,  Geor- 
gia, Alabama,  and  Mississippi,  tobacco  has  been  grown  to  some  extent, 
mainly  for  home  consumption,  in  nearly  every  county  since  the  date  of 
the  earliest  settlements.  Its  cultivation  in  these  States  has  never  been 
followed  as  a regular  industry.  What  varieties  and  types  will  succeed 
here  best  is  not,  therefore,  definitely  known.  These  facts  can  be  ascer- 
tained only  by  careful  experiment.  We  know,  however,  that  for  several 
years  past  South  Carolina  has  produced  an  excellent  type  of  bright 
tobacco,  and  that  Florida  has  produced  the  highest  grade  of  cigar  leaf. 

These  facts  indicate  that  bright  tobacco  may  be  successfully  grown 
in  the  northern  portions  of  Georgia  and  Alabama,  and  that  cigar 
tobacco,  of  the  Cuban  type,  may  be  profitably  cultivated  in  the  extreme 
southern  portions  of  those  States;  while  if  we  judge  of  the  types  of 
tobacco  which  may  be  raised  in  Mississippi  from  those  which  are  pro- 
duced in  contiguous  States,  both  the  bright  and  the  dark  heavy  varie- 
ties may  be  grown  there,  varying  according  to  soil. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  the  Assistant  Secretary, 

Washington^  J).  (7.,  March  10^  1892, 
Sir  : I have  the  honor  to  transmit  herewith  for  publication  a bulletin 
prepared  in  accordance  with  my  direction  by  the  Divisions  of  Entomol- 
ogy and  Vegetable  Pathology,  to  be  included  in  the  series  of  farmers’ 
bulletins  of  this  Department,  treating  of  the  practice,  methods,  and 
effects  of  spraying  fruit  trees  for  insect  pests  and  fungous  diseases. 
This  practice  has  been  widely  extended  during  the  past  few  years, 
largely  upon  the  lines  laid  down  by  this  Department  as  the  result  of 
careful  and  extended  experiments.  The  fact  that  the  compounds  as 
generally  used  are  slightly  poisonous  in  their  character  has  led  some 
persons  to  exi^ress  apprehension  lest  their  application  should  injure  the 
fruit  for  consumption.  This  apprehension  has  been  shown  over  and 
over  again  to  be  ill  founded,  frequent  experiments  under  all  possible 
conditions  having  shown  that  no  spraying  as  iirescribed  by  the  Depart- 
ment experts  has  ever  resulted  in  the  slightest  deleterious  effects  upon 
the  fruit  subjected  to  it.  While  this  bulletin  jiresents  the  subject  of 
spraying  in  the  most  practical  manner  for  the  information  of  the  orchard- 
ist  and  fruit-grower,  it  is  mainly  intended  for  the  information  and  satis- 
faction of  the  consumer,  by  showing  him  exactly  the  character  of  the 
spraying  recommended,  and  the  utter  impossibility  of  evil  consequences 
to  him. 

The  publication  of  this  bulletin  in  this  brief  and  practical  form  is  ren- 
dered especially  necessary  and  timely  by  the  fact  that  persons  antag- 
onizing, from  interested  motives,  the  importation  of  American  fruit  into 
Great  Britain  have  indulged  in  the  frequent  assertion  that  spraying  as 
practiced  in  this  country  must  necessarily  have  deleterious  effects  upon 
the  fruit  and  injure  it  for  consumption.  It  is  believed  that  the  present 
bulletin,  and  the  simple  facts  therein  arrayed,  will  serve  a useful  pur- 
pose in  thoroughly  exploding  the  baseless  charges  which  have  been  lev- 
eled on  this  score  against  American  fruits  in  Great  Britain  and  other 
countries. 

Kespectfully, 

Edwin  Willits, 
Assistant  Secretary. 


Hon.  J.  M.  Rusk, 

Secretary, 
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SPRAYING  FOR  INSECT  PESTS  AND  FUNGOUS  DISEASES. 


SPRAYING  FOR  INSECT  PESTS. 

The  distribution  of  insecticide  mixtures  in  the  form  of  spray  was 
first  begun  in  this  country  on  a large  scale  during  the  early  spread  of 
the  Colorado  potato-beetle  in  the  Western  States.  Paris  green  was  first 
used  in  1869  both  as  a dry  mixture  diluted  with  flour,  ashes,  plaster,  or 
slacked  lime,  and  in  liquid  suspension  in  water.  Spray  machiues  soon 
came  into  use,  aud  this  method  of  application  of  insect- destroying  mix- 
tures was  speedily  extended  to  other  insect  pests.  In  1878  poisoned 
spray  was  first  used  against  the  codling-moth,  and  the  Entomologist  of 
the  Department  had  previously  recommended  this  remedy  for  the  cot- 
ton-worm and  several  other  leaf-eating  insects.  During  the  progress 
of  the  investigation  of  the  cotton-worm  many  spraying  machines  were 
developed,  and  from  that  time  to  the  present  the  development  of  meth- 
ods and  machinery  has  been  rapid,  until  at  the  present  time  the  best 
remedies  against  perhaps  the  majority  of  our  principal  insect  pests 
comprehend  the  application  of  an  insecticide  spray  at  one  time  or 
another. 


INSECTICIDES  USED  IN  THE  FORM  OF  A SPRAY. 

Kerosene  emulsion. — This  insecticide  acts  by  contact  and  is  applicable 
to  all  nonmasticating  insects  (sucking  insects,  such  as  the  true  bugs 
and  especially  plant-lice  and  scale-insects)  and  also  to  many  of  the  man- 
dibulate  or  masticating  insects,  such  as  the  apple  worm  or  plum  cur- 
culio,  when  the  use  of  arsenites  is  not  advisable.  Kerosene  emulsion 
may  be  made  by  means  of  various  emulsifying  agents,  but  the  most 
satisfactory  substances — and  those  most  available  to  the  average  farmer 
and  fruit-grower — are  milk  and  soapsuds.  In  each  of  these  cases  the 
amount  of  emulsifying  agent  should  be  one-half  the  quantity  of  kero- 
sene. 

One  of  the  most  satisfactory  formulas  is  as  follows : 


Per  cent. 

Kerosene gallons..  2 67 

Common  soap  or  whale-oil  soap pounds.,  i ^ 33 

Water gallons..  1) 
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Heat  the  solution  of  soap  and  add  it  boiling  hot  to  the  kerosene. 
Churn  the  mixture  by  means  of  a force  pump  and  spray  nozzle  for  five 
or  ten  minutes.  The  emulsion,  if  iierfect,  forms  a cream  which  thick- 
ens upon  cooling  and  should  adhere  without  oiliness  to  the  surface  of 
glass.  If  the  water  from  the  soil  is  hard  or  has  a large  percentage  of 
lime,  add  a little  lye  or  bicarbonate  of  soda,  or  else  use  rain-water. 
For  use  against  scale-insects,  dilute  one  part  of  the  emulsion  with  nine 
parts  of  cold  water.  For  most  other  insects,  dilute  one  part  of  the 
emulsion  with  fifteen  parts  of  water.  For  soft  insects,  like  plant-lice, 
the  dilution  may  be  carried  to  from  20  to  25  parts  of  water. 

The  milk  emulsion  is  produced  by  the  same  methods  as  the  above. 

The  resin  washes. — These  insecticides  act  by  contact,  and  also,  in  the 
case  of  scale-insects,  by  forming  an  impervious  coating  which  effec- 
tually smothers  the  insects  treated.  These  resin  washes  vary  in  effi- 
cacy according  to  the  insect  treated.  Ex^jerience  has  shown  that 
the  best  formula  for  the  red  scale  {Aspidiottis  aurantii  Maskell)  and  its 
yellow  variety  {A.  citrinus  Ooquillett)  is  as  follows: 


Resin pounds..  18 

Caustic  soda  (70  per  cent  strength) do 5 

Fish  oil piuts..  . 2^ 

Water  to  make gallons..  100 


The  necessary  ingredients  are  placed  in  a kettle  and  a sufficient  quan- 
tity of  cold  water  added  to  cover  them.  They  are  then  boiled  until 
dissolved,  being  occasionally  stirred  in  the  meantime,  and  after  the 
materials  are  dissolved  the  boiling  should  be  continued  for  about  an 
hour,  and  a considerable  degree  of  heat  should  be  emifioyed  so  as  to 
keep  the  preiiaration  in  a brisk  state  of  ebullition,  cold  water  being 
added  in  small  quantities  whenever  there  are  indications  of  the  prepa-’ 
ration  boiling  over.  Too  much  cold  water,  however,  should  not  be 
added  at  one  time,  or  the  boiling  process  will  be  arrested  and  thereby 
delayed,  but  by  a little  practice  the  operator  will  learn  how  much  water 
to  add  so  as  to  keej)  the  preparation  boiling  actively.  Stirring  the 
preparation  is  quite  unnecessary  during  this  stage  of  the  work.  Wlien 
boiled  sufficiently  it  will  assimilate  perfectly  with  water,  and  should 
then  be  diluted  with  the  j)roper  quantity  of  cold  water,  adding  it 
slowly  at  first  and  stirring  occasionally  during  the  process.  The  undi- 
luted preparation  is  pale  yellowish  in  color,  but  by  the  addition  of 
water  it  becomes  a very  dark  brown.  Before  being  sprayed  on  the 
trees  it  should  be  strained  through  a fine  wire  sieve,  or  through  a piece 
of  Swiss  muslin,  and  this  is  usually  accomplished,  when  pouring  the 
liquid  into  the  spraying  tank,  by  means  of  a strainer  idaced  over  the 
opening  through  which  the  preparation  is  introduced  into  the  tank. 

The  preparing  of  this  compound  Avill  be  greatly  accelerated  if  the 
resin  and  caustic  soda  are  first  i)ulverized  before  being  placed  in  the 
boiler,  but  this  is  quite  a difficult  task  to  i)erform.  Both  of  these  sub- 
stances are  put  up  in  large  cakes  for  the  wholesale  trade,  the  resin 
being  in  wooden  barrels,  each  barrel  containing  a single  cake,  weighing 
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about  375  pounds,  while  the  caustic  soda  is  put  up  in  iron  drums  con- 
taining a single  cake  each,  weighing  about  800  pounds.  The  soda  is 
the  most  difficult  to  dissolve,  but  this  could  doubtless  be  obviated  by 
first  dissolving  it  in  cold  water  and  then  using  the  solution  as  required. 
This  insecticide  may  be  applied  at  any  time  during  the  growing  season. 

A stronger  wash  is  required  for  the  San  Jose  scale  {Aspidiotus  perni- 
ciosus  Comstock),  and  the  followiDg  formula  gives  the  best  results: 


Eesin pounds . . 30 

Caustic  soda  (70  per  cent) do..^..  9 

Fish  oil pints -- 

Water  enough  to  make gallons  . . 100 


Place  all  the  ingredients  in  a kettle  and  cover  with  water  to  a depth 
of  4 or  5 inches  j boil  briskly  for  about  two  hours,  or  until  the  compound 
can  be  perfectly  dissolved  with  water.  When  this  stage  is  reached  the 
kettle  should  be  filled  up  with  water,  care  being  taken  not  to  chill  the 
wash  by  adding  large  quantities  of  cold  water  at  once.  It  may  be  thus 
diluted  to  about  40  gallons,  the  additional  water  being  added  from  time 
to  time  as  it  is  used. 

This  preparation  should  only  be  applied  during  winter  or  during  the 
dormant  period  j applied  in  the  growing  season  it  will  cause  the  loss  of 
foliage  and  fruit. 

In  the  application  of  both  these  washes  a very  fine  spray  is  not  essen- 
tial, as  the  object  is  not  simply  to  wet  the  tree,  but  to  thoroughly  coat 
it  over  with  the  compound,  and  this  can  be  best  accomxdished  by  the 
use  of  a rather  coarse  spray,  which  can  be  thrown  upon  the  tree  with 
considerable  force. 

THE  ARSENITES:  LONDON  PURPLE,  PARIS  GREEN,  AND  WHITE 

ARSENIC. 

These  poisons  are  of  the  greatest  service  against  all  masticating  insects, 
as  larvm  and  beetles,  and  they  furnish  the  most  satisfactory  means  of 
controlling  most  leaf-feeders,  and  the  best  wholesale  remedy  against 
the  codling-moth.  Caution  must  be  used  in  applying  thenq  on  account 
of  the  liability  of  burning  or  scalding  the  foliage. 

The  poisons  should  be  thoroughly  mixed  with  water  at  the  rate  of 
from  1 j)ound  to  100  to  250  gallons  of  water,  and  applied  with  a force 
pump  and  spray  nozzle.  In  iireiiaring  the  wash,  it  will  be  best  to 
first  mix  the  poison  with  a small  quantity  of  Avater,  making  a thick 
batter,  and  then  dilute  the  latter  and  add  to  the  reservoir  or  spray 
tank,  mixing  the  whole  thoroughly.  When  freshly  mixed,  either  Lon- 
don purple  or  Paris  green  may  be  applied  to  apple,  plum,  and  other 
fruit  trees,  except  the  peach,  at  the  rate  of  1 pound  to  150  to  200  gal- 
lons, the  latter  amount  being  recommended  for  the  t>lum,  Avhich  is 
somewhat  more  susceptible  to  scalding  than  the  apple.  White  arsenic 
does  little,  if  any,  injury  at  the  rate  of  1 pound  to  50  gallons  of  water 
when  freshly  mixed.  As  shown  by  Mr.  Gillette,  however,  when  allowed 
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to  remain  for  sometime  (two  weeks  or  more)  in  water,  tlie  white  arsenic 
acts  with  wonderful  energy,  scalding  when  used  at  the  rate  of  1 pound 
to  100  gallons  from  10  to  90  per  cent  of  the  foliage;  the  action  of  the 
other  arsenites  remains  practically  the  same,  with  perhaps  a slight 
increase  in  the  case  of  London  purple. 

With  the  peach  these  poisons,  when  applied  alone,  even  at  the  rate 
of  1 pound  to  300  or  more  gallons  of  water,  are  injurious  in  their  action, 
causing  the  loss  of  much  of  the  foliage. 

By  the  addition  of  a little  lime  to  the  mixture,  London  purple  and 
Paris  green  may  -be  safely  applied,  at  the  rate  of  1 pound  to  125  to  150 
gallons  of  water,  to  the  peach  or  the  tenderest  foliage,  or  in  much 
greater  strength  to  strong  foliage,  such  as  that  of  the  apple  or  most 
shade  trees. 

Whenever,  therefore,  the  application  is  made  to  tender  foliage  or 
when  the  treating  with  a strong  mixture  is  desirable,  limewater,  milky, 
but  not  heavy  enough  to  close  the  nozzle,  should  be  added  at  the  rate  of 
about  2 gallons  to  100  gallons  of  the  i)oison. 

With  the  apple,  in  spraying  for  the  codling-moth,  at  least  two  appli- 
cations should  be  made,  the  first  after  the  falling  of  the  blossoms  or 
when  the  apples  are  about  the  size  of  peas,  and  the  second  a week  or 
ten  days  later.  The  first  brood  of  the  codling- moth  lays  its  eggs  in  the 
flower  end  of  the  young  ai^ple,  and  the  worms  upon  hatching  gnaw  their 
way  into  the  interior  of  the  apple,  and  on  sprayed  trees  get  poisoned 
in  so  doing,  an  infinitesimal  amount  being  sufficient  to  destroy  so 
minute  a worm.  The  second  spraying  is  for  the  purpose  of  destroying 
larvm  hatching  from  eggs  which  maybe  laid  after  the  first  spraying,  as 
the  arsenic  is  gradually  washed  off  by  rains. 

For  the  plum  curculio  on  the  plum,  cherry,  peach,  etc.,  two  or  three 
applications  should  be  made  during  the  latter  part  of  May  and  the  first 
half  of  June.  The  poison  in  this  case  is  applied  for  the  purpose  of 
destroying  the  adult  curculios  which  hibernate  and  gnaw  into  the  young 
growth  of  the  trees  and  even  into  the  hard  young  fruit  before  laying 
their  eggs.  The  eggs  are  pushed  under  the  skin  so  that  the  larvae  are 
not  ordinarily  affected  by  the  poisoning. 

In  the  case  of  most  leaf-feeding  insects  one  should  spray  on  the  first 
indication  of  their  presence. 

Caution  necessary  in  the  use  of  these  insecticides. — The  relative  sus- 
ceptibility of  apple,  plum,  and  peach  has  just  been  indicated  under  the’ 
head  of  arsenical  poisons,  and  these  remarks  ai)ply  equally  well  to  the 
use  of  the  kerosene  emulsions.  In  the  case  of  other  plants  thorough 
experiments  are  still  necessary,  and  all  insecticides  should  be  used  in 
comparatively  high  dilution.  Tender-leaved  plants,  such  as  melons  and 
cucumbers,  are  more  readily  injured;  whileplants  with  firmer  and  smooth 
leaves,  like  the  orange,  are  least  affected.  Annual  plants,  such  as  cab- 
bages and  other  garden  vegetables,  are  more  susceptible  than  perennials ; 
but  in  the  case  of  root  crops,  such  as  beets,  turnips,  radishes,  and  potatoes, 
there  is  not  the  same  need  of  caution  as  to  damage  to  foliage.  Damage 
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to  foliage  is  not  shown  at  once,  and  incase  of  rain  following  an  application 
another  application  should  not  be  made  for  several  days.  Fruit  trees 
should  not  be  sprayed  with  arsenical  poisons  while  in  blossom,  as  there 
is  no  advantage  in  doing  so,  and  honeybees  are  reported  to  be  at 
times  killed  by  working  in  the  sprayed  blossoms. 

SPRAYING  FROM  THE  HYGIENIC  STANDPOINT. 

The  only  insecticide  sprays  which  are  at  all  dangerous  to  use  are  the 
arsenic  compounds,  and  even  here  the  danger  is  greatly  exaggerated  by 
those  not  conversant  with  the  facts.  Paris  green  and  London  purple 
have  for  many  years  been  extensively  used  in  this  country  as  insecticides 
and  a case  of  fatal  poisoning  from  their  use  as  such  has  never  been  sub- 
stantiated. The  only  danger  lies  in  having  the  poison  about  a farm  or 
plantation  in  bulk.  In  the  early  days  of  the  use  of  Paris  green  against 
the  Colorado  potato-beetle  a great  deal  of  opposition  was  developed  on 
account  of  the  supposed  danger,  and  only  recently  the  sale  of  Ameri- 
can apples  in  England  has  received  a set-back  owing  to  the  supposed 
danger  of  arsenic  poisoning  from  their  consumption.  The  question  as 
to  whether  arsenic  may  be  absorbed  by  the  growing  i:)lant  in  any  degree 
was  long  ago  settled  in  the  negative  by  the  best  chemists  in  the  country. 
Dr.  William  McMurtrie,  formerly  chemist  of  this  Department,  in  1878 
showed  that  even  where  Paris  green  was  applied  to  the  soil  in  such 
quantities  as  to  cause  the  wilting  or  death  of  the  plants,  the  most  rig- 
orous chemical  analysis  could  detect  no  arsenic  in  the  composition  of 
the  plants  themselves.  Other  experiments  in  a similar  direction  by 
Prof.  E.  C.  Kedzie,  of  the  Michigan  Agricultural  College,  confirmed 
these  conclusions.  It  is  safe,  then,  to  assume  that  the  only  way  in 
which  fruit  or  vegetables  can  convey  the  poison  to  the  consumer  will  be 
through  the  very  minute  quantity  of  arsenic  left  upon  the  edible  part 
of  the  idant.  Against  the  possibility  of  such  an  effect  the  following 
facts  may  be  urged : 

(1)  It  would  seem  at  first  glance  that  the  use  of  an  arsenical  poison  upon 
a plant  like  the  cabbage  would  be  very  unsafe  to  recommend,  yet  Paris 
green  and  London  purple  are  used  upon  this  crop  to  kill  the  several 
species  of  leaf-eating  worms  which  are  so  destructive  to  it,  and  an 
absolute  absence  of  all  danger  where  the  application  has  been  properly 
made  has  been  recently  shown  by  Prof.  Gillette,  of  the  Agricultural 
Experiment  Station  of  Colorado,  by  the  following  ahsurdim: 

* * ^ Where  the  green  is  dusted  from  a hag  in  the  proportion  of  1 ounce  of  the 

poison  to  100  ounces  of  flour  and  just  enough  applied  to  each  head  to  make  a slight 
show  of  dust  on  the  leaves,  say,  for  twenty-eight  heads  of  cabbage,  1 ounce  of  mix- 
ture, the  worms  will  all  be  killed  in  the  course  of  two  or  three  days,  while  the  aver- 
age amount  of  poison  on  each  head  will  be  about  one-seventh  of  a grain.  Fully 
one-half  of  the  powder  will  fall  on  the  outside  leaves  and  on  the  ground,  and  thus 
an  individual  will  have  to  eat  about  twenty-eight  heads  of  cabbage  in  order  to  con- 
sume a poisonous  dose  of  arsenic,  even  if  the  balance  of  the  poison  remained  after 
cooking.  ■ 
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(2)  In  case  of  sx)rayiug  apple  orcliards  for  the  codling-moth  there  is 
scarcely  a possibility  of  injury  to  the  consumer  of  the  fruit.  A mathe- 
matical computation  will  quickly  show  that  where  the  i)oison  is  used  in 
the  i^roportion  of  1 pound  to  200  gallons  of  water  (the  customary  pro- 
portion) the  arsenic  will  be  so  distributed  through  tbe  water  that  it  will 
be  imi)ossible  for  a sufficient  quantity  to  collect  upon  any  given  api^le 
to  have  the  slightest  injurious  effect  upon  the  consumer.  In  fact,  such 
a comx)utation  will  indicate  beyond  all  perad venture  that  it  will  be  nec- 
essary for  an  individual  to  consume  several  barrels  of  apples  at  a single 
meal  in  order  to  absorb  a fatal  dose  even  should  this  enormous  meal  be 
eaten  soon  after  the  spraying  and  should  the  consumer  eat  the  entire 
fruit. 

(3)  As  a matter  of  fact  careful  microscopic  examinations  have  been 
made  of  the  fruit  and  foliage  of  sprayed  trees  at  various  intervals  after 
spraying  which  indicate  that  after  the  water  has  evaporated  the  poison 
soon  entirely  disappears  either  through  being  blown  off  by  the  wind  or 
washed  off  by  rains,  so  that  after  fifteen  days  hardly  the  minutest  trace 
can  be  discovered. 

(4)  In  the  line  of  actual  experiment  as  indicating  the  very  finely 
divided  state  of  the  poison  and  the  extremely  small  quantity  which  is 
used  to  each  tree  Prof.  A.  J.  Cook,  of  the  Michigan  Agricultural  Col- 
lege, has  conducted  some  striking  exi)eriments.  A thick  paper  was 
placed  under  an  apple  tree  which  was  thoroughly  sprayed  on  a AYindy 
day  so  that  tlie  dripping  was  rather  excessive.  After  the  dripping  had 
ceased,  the  paper  (covering  a space  of  72  square  feet)  was  analyzed  and 
four  tenths  of  a grain  of  arsenic  was  found.  Another  tree  was  thor- 
oughly sprayed  and  subsequently  the  grass  and  clover  beneath  it  was 
carefully  cut  and  fed  to  a horse  without  the  slightest  sign  of  injury. 

The  whole  matter  was  well  summed  up  by  Professor  Eiley  in  a 
recent  lecture  before  the  Lowell  Institute,  in  Boston,  in  the  following 
words : 


The  latest  sensational  report  of  this  kind  was  the  rumor,  emanating  from  London, 
witliin  tlie  last  week,  that  American  apples  were  being  rejected  for  fear  that  their 
use  was  nnsatV*.  If  we  consider  for  a moment  how  minnte  is  the  quantity  of  arsenic 
that  can,  under  the  most  favorable  circumstances,  remain  in  the  calyx  of  an  apple, 
we  shall  see  at  once  how  absurd  this  fear  is;  for,  even  if  the  poison  that  originally 
killed  the  worm  remained  intact,  one  would  have  to  eat  many  barrels  of  apples  at 
a meal  to  get  a sufficient  quantity  to  poison  a human  being.  Moreover,  much  of  the 
poison  is  washed  off  by  rain,  and  some  of  it  is  thrown  off  by  natural  growth  of  the 
apple,  so  that  there  is,  as  a rule,  nothing  left  of  the  poison  in  the  garnered  fruit. 
Add  to  this  the  further  fact  that  few  people  eat  apples  raw  without  casting  away 
the  calyx  and  stem  ends,  the  only  parts  where  any  poison  could,  under  the  most 
favorable  circumstances,  remain,  and  that  these  parts  are  always  cut  away  in  cook- 
ing, and  wo  see  how  utterly  groundless  are  any  fears  of  injury  and  how  useless  any 
prohibitive  measures  against  American  apples  on  this  score. 


SPRAYING  FOR  FUNGOUS  DISEASES  OF  THE  APPLE,  PEAR,  AND  OTHER 

FRUITS. 

Probably  in  no  other  country  of  the  world  is  spraying  for  fungous 
diseases  of  fruits  practiced  to  the  same  extent  as  in  the  United  States. 
Five  years  agt)  practically  nothing  was  known  of  this  subject  5 in  fact, 
the  number  actively  engaged  in  spraying  their  trees,  vines,  etc.,  for  such 
diseases  as  apple  scab,  black-rot,  downy  mildew,  and  other  diseases  of  the 
grape  did  not  exceed  half  a hundred  all  told.  Now,  as  a fair  estimate, 
probably  no  less  than  50,000  fruit-growers  are  engaged  in  this  work. 
From  the  Atlantic  to  the  Pacific  and  from  the  Great  Lakes  to  the 
Gulf  the  methods  recommended  by  the  Department  are  practiced  every 
year.  Canada  has  also  adopted  many  of  the  suggestions  made  by  us, 
and  even  now  Australia  is  actively  engaged  in  experiments  in  the 
treatment  of  apple,  pear,  peach,  and  other  diseases,  in  accordance  with 
suggestions  originating  with  this  Department. 

DOES  IT  PAY  TO  SPRAY? 

This  question  is  in  large  part  answered  by  the  facts  already  given.  No 
work  that  did  not  carry  merit  with  it  could  have  had  such  a phenomenal 
growth.  To  give  a more  direct  answer,  however,  it  may  be  stated  that 
last  season  two  hundred  and  fifty  grape-growers  in  different  parts  of 
the  country  made  a series  of  observations  with  a view  of  obtaining  some 
definite  information  as  to  the  value  in  dollars  and  cents  of  the  recom- 
mendations made  by  the  Department  in  the  treatment  of  grape  diseases. 
The  facts  reported  by  these  men  show  conclusively  that  the  acdual  profit 
to  them  over  all  expenses  resulting  from  the  treatment  of  black-rot  and 
downy  mildew  was  in  round  numbers  $37,000.  Thirteen  thousand  dol- 
lars of  this  sum  was  reported  from  the  State  of  New  York  alone. 

Other  examples  equally  as  striking  could  be  given,  but  this  is 
sufficient  for  our  purpose.  Of  course,  every  one  is  not  successful,  but 
wliere  failure  is  reported  it  is  usuallv  easy  to  locate  and  remedy  the 
trouble. 


FUNGICIDES  OR  REMEDIES  USED  IN  SPRAYING. 

Numerous  preparations  have  been  recommended  and  used  for  this 
work.  For  all  practical  purposes,  however,  there  are  but  four  which 
properly  may  be  called  remedies.  They  are  (1)  Bordeaux  mixture,  (2) 
ammonaical  solution  of  copper  carbonate,  (3)  eau  celeste,  and  (4)  modi- 
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lied  eau  celeste.  The  latest  experiments  indicate  that  the  best  results 
will  follow  the  use  of  these  preparations  when  made  as  follows : 

1.— BOEDEAUX  MIXTUKE. 

Ill  a barrel  that  will  hold  45  gallons  dissolve  6 pounds  of  copper 
sulphate, using  8 or  10  gallons  of  water  or  as  much  as  maybe  necessary  for 
the  purpose.  In  a tub  or  half  barrel  slake  4 pounds  of  fresh  lime.  When 
completely  slaked  add  enough  water  to  make  a creamy  whitewasli. 
Pour  this  slowly  into  the  barrel  containing  the  copper-sulphate  solu- 
tion, using  a coarse  gunny  sack  stretched  over  the  head  of  the  barrel  for 
a strainer.  Finally  fill  the  barrel  with  water,  stir  thoroughly,  and  the 
mixture  is  ready  for  use.  Prepared  in  this  way  the  cost  of  1 gallon 
of  the  mixture  will  not  exceed  1 cent,  the  price  of  copper  sulphate 
being  7 cents  per  imund  and  lime  30  cents  per  bushel.  In  all  cases  it 
is  desirable  to  use  powdered  copper  sulphate,  as  it  costs  but  little  more 
and  dissolves  much  more  readily.  It  is  highly  important  also  that  fresh 
lime  be  used. 

It  will  be  seen  by  those  familiar  with  former  suggestions  made  by  the 
Department  that  the  strength  of  this  mixture  has  been  diminished  one- 
half.  It  was  found  as  the  result  of  experiments  made  in  1891  that  a 
mixture  of  this  strength,  and  even  much  weaker,  gave  practically  as 
good  results  as  the  old  formula,  which  required  6 pounds  of  co))per  sul- 
phate and  4 pounds  of  lime  to  22  gallons  of  water. 

2— AMMOXIACAL  SOLUTION  OF  COPPER  CARBONATE. 

In  an  ordinary  water  x>ail  mix  5 ounces  of  copper  carbonate  with 
enough  water  to  make  a thick  iiaste.  Dissolve  this  iiaste  in  3 xfiiits  of 
strong  aqua  ammonia;  tlien  dilute  to  45  gallons.  If  three  pints  of  am- 
monia are  not  sufficient  to  dissolve  all  the  paste  add  enough  to  bring 
about  this  result.  Copper  carbonate  occurs  in  the  market  in  the  form 
of  a fine  greenish  powder.  The  retail  price  is  usually  60  cents  ]>er 
pound.  Aqua  ammonia  having  a strength  of  26°  retails  at  8 cents  per 
pound.  Upon  this  basis  1 gallon  of  the  ammoniacal  solution  of  copi)er 
carbonate  will  cost  1 cent. 

In  view  of  the  fact  that  cojiiier  carbonate  is  sometimes  difficult  to  ob- 
tain the  following  directions  for  manufacturing  it  are  given: 

In  a half  barrel,  or  some  similar  vessel,  dissolve  3 pounds  of  co]>per 
sulphate  in  2 gallons  of  hot  water.  In  another  vessel  dissolve  34  pounds 
of  common  washing  soda  or  sal  soda  in  1 gallon  of  hot  water.  When 
cool  pour  the  second  solution  slowly  into  the  first;  then  as  soon  as  all 
action  has  ceased  add  enough  water  to  bring  the  whole  ii})  to  8 or  10 
gallons  and  stir  thoroughly.  In  twenty  four  hours  pour  off  the  clear 
liquid,  taking  care  not  to  disturb  the  sediment.  Add  fresh  water  and 
stir  again.  Again  allow  the  solution  to  stand  twenty-four  hours,  pour 
off  the  clear  liquid  as  before;  then  remove  the  sediment,  Avhich  is  cox> 
per  carbonate.  Preiiared  in  this  way  there  is  formed  IJ  pounds  of 
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copper  carbonate  at  an  expense  for  materials  of  approximately  18  cents 
per  pound.  The  copper-carbonate  paste  may  be  immediately  dissolved 
in  aqua  ammonia,  using  2 gallons  of  the  latter,  or  as  much  as  may  be 
necessary  for  the  purpose.  This  coucentrated  fluid  should  be  kept  in 
well-corked  jugs  and  when  ready  for  use  should  be  diluted  at  the  rate 
of  1 pint  to  12  gallons  of  water. 

3.— EAU  CfiLESTE. 

Dissolve  2 pounds  of  copper  sulphate  in  8 gallons  of  water.  When 
completely  dissolved  add  3 pints  of  strong  ammonia  and  dilute  to  45 
gallons.  Prepared  in  this  way  the  solution  will  cost  about  two-thirds 
of  a cent  per  gallon. 

4.— MODIFIED  EAD  CELESTE. 

Dissolve  4 pounds  of  copper  sulphate  in  10  or  12  gallons  of  water 
and  stir  in  5 pounds  of  washing  or  sal  soda;  then  add  3 pints  of  strong 
aqua  ammonia,  dilute  to  45  gallons.  The  cost  will  be  IJ  cents  per 
gallon. 


HOW  AND  WHEN  TO  SPRAY. 

It  should  always  be  borne  in  mind  that  no  hard  and  fast  rules  can  be 
laid  down  for  work  of  this  kind.  Frequently  the  fruit-grower  will  have 
to  use  his  own  judgment,  especially  as  regards  the  number  of  sprayings 
and  the  proper  time  to  discontinue  them.  If  this  be  not  done  serious 
results  may  follow.  In  the  treatment  of  black-rot  of  the  grape  we  have 
known  vine-growers  to  continue  the  application  of  Bordeaux  mixture 
through  a protracted  drought  up  to  the  time  of  ripening  of  the  fruit. 
As  a result,  when  the  time  arrived  to  send  the  grapes  to  market  they 
were  so  badly  sx)otted  with  the  mixture  that  no  one  would  buy  them. 
Again  we  have  found  fruit-growers  thoroughly  imbued  with  the  idea 
that  the  only  proper  way  to  sjiray  was  to  rush  through  an  orchard  or 
vineyard  with  some  new-flingled  complicated  machine,  applying  the 
solutions  in  daubs  at  one  point  and  omitting  whole  trees  or  blocks  of 
vines  at  another.  Such  work  is  to  be  regretted,  as  it  may  be  the  cause 
of  much  loss  to  those  who  have  acted  carefull}^  and  intelligently  in  the 
matter.  For  example,  in  the  case  of  the  grape  scare  in  New  York  City 
the  past  summer  grape-growers  all  over  the  country  were  made  to  sufler, 
partly  through  the  folly  of  a few  overzealous  individuals  who  uxion 
their  own  responsibility  made  more  axiplications  than  were  necessary 
and  partly  through  the  action  of  a somewhat  hasty  Board  of  Health. 

Before  taking  uxi  the  subject  of  treatments  proper  it  may  be  well  to 
emphasize  the  importance  and  necessity  of  using  the  right  kind  of 
machinery.  A sprayer  to  be  effective  requires  first  of  all  a good  strong 
force  x^ump.  Next  in  importance  is  a nozzle  that  will  throw  a mist-like 
spray  and  will  not  clog  when  thick  fluids  are  used.  There  are  x>lonty 
of  machines  on  the  market  filling  all  these  requirements.  For  conven- 
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ience  they  may  be  divided  into  three  classes:  (1)  horse-power  automatic 
machines,  (2)  machines  drawn  by  horse  power,  but  operated  by  hand, 
and  (3)  hand  machines.  All  belonging  to  the  first  group  may  be  dis- 
missed with  the  statement  that  they  are  unnecessarily  expensive  and 
complicated,  and  will  not,  even  in  the  most  careful  hands,  do  the  work 
as  thoroughly  and  efiectively  as  the  machines  belonging  to  the  second 
and  third  groups.  Of  the  second  group,  in  which  the  cheapest,  most 
practical,  and  efficient  example  is  found  in  a strong,  light,  double  acting, 
double-discharge  force  pump  mounted  on  a barrel,  it  may  be  said  that, 
while  they  can  not  do  the  Avork  as  rapidly  as  the  machines  of  the  first 
class  they  are  more  efiective,  much  cheaper,  and  far  less  wasteful  of  the 
liquid  used.  To  the  third  class  belong  the  knapsack  sprayers,  which 
are  the  only  ones  necessary  to  notice  in  this  connection.  There  is  no 
(]uestion  that  for  all  moderately  low-growing  crops  the  knai^sack  sprayer 
fills  every  requirement.  In  no  other  machine  is  the  work  so  absolutely 
at  all  times  under  control,  it  being  x)ossible  to  place  nearly  every  drop 
of  liquid  exactly  where  it  is  wanted.  Knapsack  pumps  are  now  used 
in  many  moderate  sized  vineyards  j also  in  xdaces  where  the  horse-power 
apparatus,  owing  to  the  nature  of  the  land  or  the  manner  of  cultivation, 
can  not  be  utilized. 

Many  firms  throughout  the  country,  as  will  be  seen  by  reference  to 
the  columns  of  any  good  agricultural  paper,  are  engaged  in  the  manu- 
facture and  sale  of  the  various  machines  mentioned. 

Taking  up  the  question  of  spraying  more  specifically  we  would  call 
attention  first  to  apple  diseases  and  their  treatment. 

TREATMENT  OF  APPLE  SCAB. 

For  this  disease  either  modified  eau  celeste  or  ammoniacal  solution 
of  copper  carbonate,  preferably  the  former,  may  be  used.  At  least  four 
sprayings  should  be  made,  the  first  just  as  the  flowers  are  opening,  the 
second  twelve  or  fourteen  days  later,  and  the  third  and  fourth  at  similar 
intervals.  In  case  the  season  is  wet  one  or  two  additional  treatments 
will  undoubtedly  i)ay.  For  trees  15  to  18  feet  high  the  cost  of  four 
sprayings  with  either  of  the  fungicides  mentioned  need  not  exceed  20 
cents  per  tree.  AVhen  the  work  is  done  on  a large  scale  IG  to  18  cents 
per  tree  will  cover  the  cost  of  four  treatments.  Two  additional  treat- 
ments will  add  to  the  cost  from  6 to  8 cents  per  tree. 

APPLE  POWDERY  MILDEW. 

It  is  only  in  nurseries  that  this  disease  is  destructive.  Seedlings  are 
esiiecially  subject  to  the  mildew,  the  leaves  being  attacked  as  soon  as 
they  appear.  As  a result  the  trees  make  very  little  growth,  are  bark 
bound,  and  consequently  unfit  for  budding.  The  ammoniacal  solution 
has  proved  the  cheapest  and  most  effective  remedy  for  this  disease, 
and  five  sprayings  seem  to  be  required.  The  first  application  should 
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be  made  just  as  tbe  leaves  start  iu  spring.  At  least  three  other  spray- 
ings should  be  made  at  equal  intervals  between  the  time  of  the  first 
treatment  and  the  time  for  budding.  Ten  or  twelve  days  after  budding 
the  last  spraying  should  be  made,  making  five  in  all.  For  blocks  of 
50,000  to  100,000  seedlings  the  total  cost  of  the  treatment,  as  indicated, 
need  not  exceed  8 cents  per  thousand.  In  smaller  blocks  the  average 
cost  per  thousand  trees  will  be  somewhat  greater,  as  it  requires  prac- 
tically as  much  time  to  prepare  to  spray  25,000  trees  as  it  does  50,000. 
The  knapsack  pump  is  well  adapted  to  this  work  and  is  extensively 
used  by  nurserymen.  Larger  machines,  designed  to  be  drawn  by  a 
horse,  have  been  described  by  us  iu  Circular  No.  10  of  the  Division  of 
Vegetable  Pathology. 

TREATMENT  OF  PEAR  SCAB,  CRACKING,  AND  LEAF-BLIGHT. 

These  diseases,  caused  by  two  difierent  species  of  fungi,  are  now  suc- 
cessfully combated  by  one  line  of  treatment.  In  most  sections  all  three 
diseases  are  found  associated.  Bordeaux  mixture  has  given  the  best 
results  in  this  work,  although  ammoniacal  solution  has  proved  almost  as 
effective.  The  only  objection  to  the  latter  is  that  it  sometimes  gives  the 
fruit  a rust  appearance,  which  is  not  at  all  desirable.  The  first  sjuay- 
ing  for  these  diseases  should  be  made  when  the  trees  are  in  fiower.  In 
ten  or  twelve  days  a second  treatment  should  bo  made,  followed  by  a 
third  and  fourth  at  the  exiiiration  of  two  and  four  weeks,  respectively. 
In  the  nursery,  pear  leaf  blight  is  often  exceedingly  troublesome.  It 
may  be  almost  entirely  prevented  by  spraying  five  or  six  times  with  the 
Bordeaux  mixture,  making  the  first  application  when  the  leaves  are 
about  one-third  grown  and  the  others  at  intervals  of  ten  or  twelve  days 
throughout  tlie  season. 

The  cost  of  treating  full  grown  standard  trees  with  the  Bordeaux 
mixture  as  indicated  will  average  from  12  to  II  cents  per  tree.  For 
dwarf  trees  the  cost  will  range  from  8 to  12  cents  each.  The  cost  of 
treating  with  the  ammoniacal  solution  will  be  (considerably  less,  iirob- 
ably  not  exceeding  10  cents  for  standard  and  8 cents  for  dwarf  trees. 
In  the  nursery  pear  seedlings  can  be  treated  six  times  with  the  Bordeaux 
mixture  for  50  cents  per  thousand. 

TREATMENT  OF  LEAF-BLIGHT  OF  THE  CHERRY,  PLUM,  AND  QUINCE. 

This  disease,  which  seriously  damages  the  trees  both  in  the  nursery 
and  orchard,  may  be  readily  held  in  check  by  the  proper  use  of  either 
Bordeaux  mixture  or  the  ammoniacal  solution.  In  the  orchard  and 
nursery  the  directions  laid  down  for  the  treatment  of  pear  scab,  cracking, 
and  leaf-blight  are  applicable  here. 

TREATMENT  OF  BLACK-ROT  OF  THE  GRAPE. 

Method  A. — After  pruning  the  vineyard  and  putting  the  ground  in 
thorough  order  spray  the  vines  first,  as  the  buds  begin  to  swell,  with 
Bordeaux  mixture.  When  the  leaves  are  one-third  grown  make  a sec- 
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oucl  application  of  tbe  same  fungicide,  following  with  a third  when  the 
vines  are  in  fall  bloom.  After  this,  applications  should  be  continued 
at  intervals  of  ten  or  twelve  days  until  the  first  signs  of  ripening  are 
noticed.  This  will  usually  be  three  weeks  or  a month  before  the  grapes 
are  ready  to  pick.  In  no  case  should  the  treatments  be  continued  up 
to  the  time  of  harvest,  as  this  is  entirely  unnecessary  j moreover,  it  is 
sure  to  render  the  fruit  unsightly.  It  is  important  to  bear  in  mind  that 
in  case  of  dry  weather  the  sprayings  should  cease. 

Method  B. — Following  the  direction  laid  down  under  method  A,  with 
the  exception  that  the  ammoniacal  solution  be  used  instead  of  Bor- 
deaux mixture. 

Method  C. — For  the  first  three  sprayings  use  the  Bordeaux  mixture, 
then  substitute  the  ammoniacal  solution  for  tlie  rest  of  the  season. 

The  cost  of  the  treatment  as  laid  down  in  method  A need  not  exceed 

cents  x)er  vine.  Method  B will  cost  two  cents  and  method  (7  the  same. 

So  far  as  efficacy  is  concerned  there  is  little  choice.  All  things  con- 
sidered, however,  method  A will  doubtless  prove  the  most  satisfactory. 

DOWNY  MILDEW  OF  THE  GRAPE. 

When  this  disease  occurs  alone  ammoniacal  solution  or  modified  eau 
celeste  may  be  used.  The  first  spraying  should  be  made  when  the 
1‘ruit  is  well  formed,  the  others  at  intervals  of  ten  or  twelve  days,  as 
recommended  for  black-rot.  What  is  known  as  brown-rot  is  caused  by 
the  fungus  of  downy  mildew.  It  is  seldom  that  brown-rot  occurs  in 
the  berries  without  the  leaves  being  also  affected.  In  regions  where 
this  happens  the  treatment  recommended  for  black-rot  should  be  fol- 
lowed. 

In  some  sections  eau  celeste  has  been  more  effective  against  these 
diseases  than  any  of  the  other  fungicides.  This  is  notably  the  case  in 
northern  Ohio  and  western  Xew  York.  Eau  celeste,  however,  some- 
times injures  the  foliage,  and  we  do  not  advise  its  extended  use. 

ANTIIRAONOSE  OF  THE  GRAPE. 

Use  Bordeaux  mixture  the  same  as  recommended  for  black-rot  under 
method  A. 

USE  OF  COPPER  COMPOUNDS  FROM  A HYGIENIC  STANDPOINT. 

Ever  since  the  copper  compounds  came  into  general  use  as  fungicides 
the  question  as  to  their  effects,  hygienically  considered,  has  received 
more  or  less  attention.  With  the  exception  of  the  New  York  City  Board 
of  Health  no  positive  stand  on  this  question  has  been  taken  so  far  as  we 
are  aware.  Many  vague  and  misleading  statements,  however,  have 
from  time  to  time  api)eared  in  the  horticultural  and  agricultural  papers. 
Every  one  familiar  with  the  situation  understands  why  these  rumors, 
for  such  they  can  only  be  considered,  are  sent  out.  They  are  not  aimed 


17 


particularly  at  the  practice  of  spraying,  but  are  simply  elforts  on  the 
part  of  sellish  competitors  to  cripple  the  legitimate  trade  of  more  ener- 
getic and  wide-awake  rivals. 

We  take  the  ground  that  fruit  sprayed  with  the  copper  compounds 
in  accordance  with  the  directions  of  the  Department  is  harmless.  No 
better  proof  of  this  is  to  be  found  than  that  shown  by  the  experi- 
ence of  this  country.  For  five  years  the  copper  compounds  have  been 
used  by  hundreds  and  thousands  of  fruit-growers  in  every  i^art  of  the 
United  States,  yet  in  all  that  time  not  a single  authenticated  case  of 
poisoning,  so  far  as  we  are  aware,  has  been  brought  to  light.  It  is 
true  a few  individuals  have  claimed  that  they  were  made  sick  by  eating 
sprayed  fruit,  but  in  all  such  cases  careful  investigations  have  revealed 
that  claims  of  this  kind  were  absolutely  without  foundation.  However, 
we  do  not  consider  these  general  statements  sufficient  to  warrant  us  in 
taking  the  stand  as  regards  the  harmlessness  of  the  copper  compounds 
when  properly  used.  More  direct  testimony  is  readily  obtained  and 
some  of  this  we  now  propose  to  consider.  The  question  may  properly 
be  discussed  under  two  heads,  namely: 

(1)  The  present  condition  of  our  knowledge  as  regards  the  toxicology 
of  copper  j and 

(2)  Are  the  salts  found  in  sufficient  quantity  upon  the  fruit  at  the 
time  of  harvest  to  prove  injurious  to  health? 

No  doubt  the  majority  of  people,  including  physicians,  would  answer 
the  first  statement  at  once  by  saying  that  copper  is  a poison.  When 
we  come  to  look  carefully  into  the  matter,  however,  it  is  found  that  the 
very  best  authorities  differ  on  the  subject.  For  more  than  a hundred 
years  the  question  as  to  the  i)oisonous  nature  of  copper  has  been  dis- 
cussed, and  yet,  after  reading  all  the  testimony,  it  is  exceedingly  difficult 
from  the  evidence  adduced  to  form  a definite  opinion. 

In  1885  the  question  was  discussed  before  the  Belgium  Eoyal  Acad- 
emy of  Medicine  for  seven  months,  the  object  being  to  obtain  some 
authoritative  data  as  to  the  eftect  of  copper  contained  in  French  canned 
vegetables  on  the  public  health.  While  it  was  finally  decided  that  the 
copper  compounds  in  foods  were  harmful,  no  direct  stand  as  to  the 
poisonous  nature  of  the  substances  was  taken.  Those  who  antagonized 
the  view  that  copper  was  an  actual  poison  cited  many  eminent  authorities 
to  bear  out  their  assertions.  In  the  whole  discussion,  however,  it  was 
remarkable  that  not  a single  case  of  injury  to  health  resulting  from  the 
daily  absorption  of  small  quantities  of  copper  was  given.  Many  in- 
stances were  cited,  however,  where  foods  containing  copper  in  consid- 
erable amounts  were  daily  consumed  without  any  ill  effects  whatever. 
It  is  interesting  to  note  in  this  connection  that  notwithstanding  the  dis- 
cussion before  the  Belgium  Academy  the  law  of  July,  1882,  prohibiting 
the  use  of  copper  in  the  re-greening  of  fruits  was  repealed  by  the  French 
authorities  in  the  Department  of  the  Seine.  It  appears,  therefore,  from 
all  the  evidence  on  the  subject  that  the  question  under  consideration  is 
Far.  Bui. — No.  7 2 
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not  settled  by  any  means.  For  this  reason  alleged  cases  of  poisoning 
with  copper  should  receive  the  most  careful  investigation. 

We  presume  no  one  will  deny  that  copper  in  large  or  even  moderate 
doses  is  unwholesome.  Looking  at  the  question  from  this  standpoint 
let  us  consider  the  second  part  of  our  subject,  i,  e.,  Are  the  salts  found 
in  sufficient  quantity  in  connection  with  properly  sprayed  fruit  at  the 
time  of  harvest  to  cause  injury  to  health?  At  this  point  it  may  be  well 
to  add  that  all  our  remarks  apply  to  the  Bordeaux  mixture,  which  con- 
tains about  twenty  times  as  much  copper  as  the  ammoniacal  solution, 
the  only  additional  fungicide  worthy  of  consideration  on  account  of  its 
extended  use. 

According  to  Gauthier,  professor  of  chemistry  of  the  faculty  of  medi- 
cine, Paris,  an  adult  can  absorb  daily  for  a period  of  several  weeks 
without  ill  effects  from  0.‘J  to  0.5  * gram  of  copper  sulphate,  or  blue 
vitriol.  Five-tenths  of  a gram  is  usually  considered  the  maximum 
amount  that  may  be  absorbed  for  any  length  of  time  without  injury  to 
health,  although  cases  are  on  record  where  as  high  as  2,  3,  and  even 
4 grams  have  been  absorbed  for  a number  of  days  in  succession  without 
any  ill  effects  whatever.  Some  recent  French  investigations  have  shown 
that  a dog  can  absorb  from  15  to  25  grams  of  copper  sulphate  without 
injury.  Sheep  have  been  fed  43  grams  per  day  for  several  days  in  suc- 
cession without  any  noticeable  derangement  of  the  system. 

At  this  i)oint  we  are  confronted  with  a somewhat  complex  chemical 
question  which  makes  it  difficult  to  obtain  results  strictly  comparable. 
The  Bordeaux  mixture,  as  elsewhere  shown,  is  made  by  the  addition  of 
lime  to  a solution  of  copper  sulphate.  According  to  recent  investiga- 
tions, the  reaction  is  an  exceedingly  complicated  one,  the  details  of 
which  are  unnecessary  here.  It  has  generally  been  accepted  that  the 
mixture  as  sprayed  ux)on  the  vines  consists  for  the  most  part  of  copper 
hydrate,  which  upon  drying  becomes  an  insoluble  compound.  W e have, 
therefore,  first  of  all  the  question  to  consider  whether  the  hydrate  is 
as  likely  to  prove  injurious  to  health  as  the  sulphate  in  solution.  Xo 
direct  investigations  upon  this  point  have,  so  far  as  we  know,  been  made. 
It  has  been  shown,  however,  that  doses  of  copper  four  to  five  times 
greater  can  be  administered  in  an  insoluble  than  in  a soluble  state. 
The  question  now  briefly  stated  resolves  itself  into  this:  May  we,  with- 
out assuming  too  much,  use  the  facts  bearing  on  the  harmfulness  or 
harmlessness  of  copper  sulphate  when  considering  coi)per  hydrate  and 
copper  oxide?  We  believe  that  this  assumption  is  not  only  admissible 
but  is  erring  upon  the  safe  side;  in  other  words,  that  if  an  adult  can 
safely  absorb  0.5  gram  of  copj^er  sulphate  a day  without  injury,  lie  may 
with  much  less  fear  of  ill  effects  absorb  the  same  quantity  of  copper 
hydrate  and  copper  oxide.  In  fact,  as  regards  the  ill  effects  of  the 
latter,  hygienically  considered,  there  is  a great  deal  of  evidence  which 
will  be  considered  later. 


1 gram  e(iuals  If).  138  grains. 
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Accepting,  then,  0.5  gram  as  the  maximum  amount  of  copper  in  any 
of  the  forms  discussed  that  may  with  safety  be  daily  absorbed,  let  us 
see  how  these  figures  compare  with  the  quantity  of  this  metal  found  in 
connection  with  properly  sj^rayed  fruits  as  well  as  some  other  foods  and 
drinks.  Analyses  to  determine  the  amount  of  copper  on  sprayed  grapes 
have  been  made  in  Germany,  France,  America,  and  other  countries. 
The  result  of  all  these  show  that  grapes  sprayed  intelligently  rarely 
contain  more  than  5 milligrams  (0.005  gram)  of  copper  per  kilogram, 
the  average  being  from  2^  to  3 milligrams  per  kilogram.  In  other 
words,  1,000,000  pounds  of  grapes  sprayed  in  the  usual  way  with  the 
Bordeaux  mixture  would  contain  from  to  5 pounds  of  copper.  To  re- 
duce the  figures  still  further,  each  1,000  imuuds  of  fruit  would  contain 
17.5  to  35.0  grains  of  copper.  On  this  basis  an  adult  may  eat  from  300 
to  500  pounds  of  sprayed  grapes  per  day  without  fear  of  ill  efiects  iroiu 
the  copper.  This  shows  how  ridiculously  absurd  are  the  statements 
that  fruits  properly  sprayed  with  the  Bordeaux  mixture  or  any  other 
copper  compound  are  poisonous. 

Turning  our  attention  to  another  phase  of  the  subject,  let  us  con- 
sider some  other  articles  of  food  and  drink  in  no  way  connected  with 
spraying.  In  the  first  place,  it  has  recently  been  shown  that  grapes 
which  have  never  been  treated  with  any  fungicide  may  contain 
as  much  as  2 milligrams  of  copper  per  kilogram — two  jiarts  in  a mil- 
lion, or  practically  the  same  as  the  average  amount  found  in  con- 
nection with  sprayed  fruit.  Finding  coiiper,  therefore,  in  conne(;tion 
with  fruit  is  no  indication  that  such  fruit  has  been  sprayed  witli  the 
copper  compounds.  Perhaps  if  this  fact  is  remembered  in  the  future  it 
may  prevent  hasty  conclusions  and  consequent  annoyance. 

According  to  numerous  analyses  wheat  may  contain  from  4 to  10 
milligrams  of  copper  ])er  kilogram,  the  average  being  7.2  milligrams 
per  kilogram.  The  United  States  exported  to  Europe  and  other  for- 
eign countries  in  1890,  51,387,767  bushels  of  wheat,  weighing  approxi- 
mately 3,263,266,020  pounds  or  1,480,217,466  kilograms.  If  each  kilo- 
gram of  wheat  contained  7.2  milligrams  of  copper,  then  there  were  10,657 
kilograms  or  23,495  pounds  of  this  metal  sent  out  of  the  country  in  wheat 
alone.  In  the  face  of  these  figures  we  do  not  see  how  any  foreign  coun- 
try can  logically  object  to  American  fruits  on  the  ground  that  they  con- 
tain copper  without  also  objecting  to  wheat. 

Wheat,  however,  does  not  contain  anything  like  as  much  copper  as 
some  other  foods  and  drinks.  Beef  and  sheep  liver,  according  to  reliable 
and  repeated  analyses,  contain  respectively  from  56  to  58  and  35  to  41 
milligrams  of  metallic  copper  jier  kilogram  of  fresh  substance,  while  in 
chocolate  the  enormous  amount  of  125  milligrams  to  the  kilogram  has 
been  found.  In  conclusion,  it  is  only  necessary  to  call  attention  to  one 
other  matter  to  show  how  unjust  and  discriminating  it  would  be  to  con- 
demn American  fruits  on  the  ground  that  they  contain  copper  in  un- 
wholesome quantities.  Brief  reference  has  already  been  made  to  the 
re-greening  of  vegetables,  as  practiced  by  the  French.  Peas,  beans. 
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cucumbers,  and  similar  products  are  plunged  for  eight  or  ten  minutes  in 
a solution  of  copper  sulphate  in  order  to  fix  the  natural  green  coloring 
matter.  After  removing  the  vegetables  from  the  copper  sulphate  solution 
they  are  washed  in  pure  water,  xdaced  in  jars  containing  a solution  of 
common  salt,  sealed  and  sterilized  by  heat. 

The  analyses  of  such  vegetables  show  that  they  contain  copj^er  in  con- 
siderable quantity,  as  will  be  seen  by  consulting  the  table  below: 

Table  showiny  copper  in  1 kilogram  of  re-greened  canned  regetahles. 


V^egetables. 

Authority. 

i Amount  of 
copper. 

Peas 

Galippe 

1 

Milligrams. 

48  to  60 
70  to  210 
11  to  125 

49  to  99 

2 

50  to  354 

Do 

Carles 

Do 

Gautier 

Beans 

Cucumbers 

Tomatoes 

Magnier 

Sestiui 

It  appears  from  the  foregoing  that  vegetables  re-greened  by  the  cop- 
per i^rocess  may  contain  from  two  to  sixty  times  as  much  of  the  metal 
as  sprayed  graj^es.  In  other  words,  if  1,000,000  pounds  of  sprayed 
grai)es  contain  pounds  of  copper,  1,000,000  pounds  of  re- greened  vege- 
tables would  contain  from  38  to  150  pounds  of  the  metal.  Great  Britain 
inqjorted  over  14,000,000  pounds  of  canned  vegetables  from  France  in 
1890,  and  it  is  safe  to  say  that  these  vegetables  contained  more  thar 
twenty  times  as  much  coj)i>er  as  all  the  sx^rayed  fruit  in  the  United 
States  combined. 
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RESULTS  OF  EXPERIMENTS  WITH  INOCULATION  FOR  THE 
PREVENTION  OF  HOG  CHOLERA. 


INTRODUCTORT  REMARKS. 

In  tlie  following  pages  is  given  a review  of  tlie  efforts  wliicli  have 
been  made  to  discover  a method  of  inoculation  that  would  i)revent  hog 
cholera,  and  also  a statement  of  the  tests  Avhich  have  been  made  to 
demonstrate  the  value  of  inoculation.  This  evidence  is  given  with 
considerable  detail,  and  an  array  of  facts  is  presented  which  should 
satisfy  any  reasonable  man  of  the  correctness  of  the  conclusions. 

It  has  been  apparent  for  some  time  that  inoculation  as  a preventive 
of  hog  cholera  was  a failure.  But  in  spite  of  this  it  has  been  advocated 
by  interested  parties  for  their  own  puriToses,  and  has  been  indorsed  by 
a portion  of  the  agricultural  press  in  terms  which  are  inexplicable  to 
to  those  who  know  the  facts.  The  cases  in  which  inoculation  has  been 
performed  with  little  or  no  loss  have  been  published  as  proving  the 
success  of  the  operation,  while  those  in  which  heavy  losses  have  occurred 
have  not  been  mentioned  until  the  information  reached  the  public  in 
other  ways,  and  then  there  has  been  an  attempt  to  explain  them  away. 

It  is  due  to  our  farmers  that  they  should  have  all  the  facts — that  they 
should  know  all  the  losses  and  failures  which  occur.  To  hold  these 
back  and  advocate  inoculation  is  to  practice  misrepresentation  and  de- 
'ceptiou,  and  to  lead  farmers  to  try  a method,  alleged  to  be  protective, 
but  which  is  liable  to  destroy  their  entire  herds  and  force  them  into 
bankruptcy.  It  has  not  been  a pleasant  matter  to  take  ui^  these  wrongs 
which  have  been  practiced  on  our  farmers  and  to  expose  them,  but 
they  have  been  carried  on  with  such  persistency  that  this  has  become 
necessary. 

Inoculation  for  hog  cholera  was  shown  to  be  of  no  practical  value  by 
the  experiments  of  this  Department  made  in  1 886.  It  proved  a failure  in 
the  experiments  made  by  the  Nebraska  ExiTcriment  Station  in  1888  and 
1889.  As  a private  enterprise,  there  was  a failure  to  carry  out  the 
promise  to  inoculate  and  to  insure  the  farmer  against  loss  from  disease 
among  inoculated  hogs.  The  attempt  to  establish  a business  of  inocu- 
lating hogs  at  50  cents  a head  was  a financial  failure. 

The  attempt  to  protect  hogs  by  inoculation  when  fed  in  distilleries 
was  a failure.  The  attempt  to  feed  hogs  on  glucose  refuse  and  protect 
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them  by  inoculation  was  the  most  disastrous  failure  of  all,  only  because 
it  was  attempted  on  a larger  scale.  The  attempt  to  show  the  value  of 
inoculation  in  the  Ottawa  experiment  was  a failure.  The  attempt  to 
protect  hogs  by  inoculation  on  the  State  farm  of  Nebraska  was  a failure. 
Tlie  inoculations  in  Nebraska  for  the  year  1891,  taken  as  a whole,  are  a 
failure,  and  have  been  followed  by  nearly  or  quite  three  times  the  aver- 
age loss  wliich  has  prevailed  among  uninoculated  herds  in  the  State  at 
large.  The  whole  history  of  inoculation  from  beginning  to  end  has  been 
a series  of  failures.  It  has  caused  terrible  and  disastrous  losses  to 
farmers  who  have  been  led  to  test  it  in  their  herds.  It  has  been  dem- 
onstrated to  be  a means  of  spreading  the  disease.  Its  protective  inllu- 
eiK^e  lias  never  been  conclusively  demonstrated,  but  in  many  cases  it 
has  been  proved  that  inoculated  hogs  were  not  protected. 

Why,  then,  should  farmers  practice  inoculation  asa  i)reventive  against 
hog  cholera?  Why  should  they  give  the  time  and  trouble  and  expense 
which  it  involves  ? Why  should  they  take  the  risk  of  disease,  of  stunting 
their  hogs,  of  loss  of  weight?  There  certainly  can  be  no  reason  for  their 
doing  this  when  the  losses  among  the  inoculated  hogs  are  greater  than 
those  among  hogs  in  the  same  State  that  have  not  been  inoculated. 

This  Department  does  not  recommend  inoculation.  It  believes  it  to 
be  ininrions  and  unsafe  for  the  hogs  oi)erated  uj)on,  dangerous  toother 
hogs  in  the  communities  where  xmacticed,  and  that  its  x^rotective  x^ower 
is  uncertain  and  of  very  little  elfect,  even  if  it  exists  at  all. 

With  the  facts  and  legitimate  comdusions  given  in  this  bulletin  the 
question  of  inoculation  is  left  in  the  hands  of  the  farmers.  Those  who 
decide  to  test  it  will  do  so  knoAving  tlie  consequences  whi(di  are  liable 
to  follow.  This  Dex)artment  does  not  oxAX>ose  inoculation  or  attempt  to 
Xwevent  its  use,  but  it  believes  that  the  farmers  should  know  all  the 
facts  in  order  that  they  may  decide  intelligently  whether  it  is  to  their 
interest  to  adox^t  inocnlation  or  to  avoid  it. 

INOCULATION  AS  USED  FOR  THE  PREVENTION  OF  SWINE  DIS- 
EASES. 

Inoculation  with  hog-cholera  virus  Acas  first  tested  as  a x^reA-entiA^e  of 
this  disease  in  the  experiments  of  the  Bureau  of  Animal  Industry  in  the 
year  188G.  The  method  of  inoculation  Avas  discovered  at  that  time,  but 
the  results  Avere  unsatisfactory,  as  the  animals  were  not  sufficiently  xu’o- 
tected,  and  the  exx^eriments  liaA^e  been  rexieated  under  Amrious  condi- 
tions from  that  time  to  the  x^resent  to  learn  if  any  modification  of  the 
oxAcration  Avould  make  it  more  effectual. 

Prevention  by  inoculation  dexAends  on  the  Avell-known  jArincijile  that 
one  attack  of  a contagious  disease  generally  x>rotects  the  individual  from 
subsequent  attacks  of  the  same  contagion.  The  amount  of  xirotection 
receiA^ed  varies  greatly  Avith  different  diseases  and  different  animals. 
In  no  case  are  all  individuals  protected  in  this  Avay  from  any  disease, 
and  in  many  cases  the  iinmunity  lasts  only  for  a short  x^eriod  of  time. 
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Inoculation  in  practice  consists  in  iiijecting’  under  tlie  skin  as  mucli 
of  the  strong-  virus  of  hog  cholera  as  can  be  given  without  producing  a 
fatal  attack  of  the  disease.  Inoculation  is  very  difterent  from  vaccina- 
tion. The  virus  used  in  inoculation  is  the  same  in  variety  and  strength 
as  that  found  in  animals  dying  with  the  plague,  while  for  vaccination 
a weakened  virus  is  used,  which  can  not  cause  a fatal  disease.  Al- 
though vaccination  with  attenuated  virus  prepared  in  several  difterent 
ways  has  been  tested  in  the  experiments  of  the  Bureau,  no  method  of 
successfully  preventing  the  disease  known  as  hog  cholera  by  vaccina- 
tion has  ever  been  introduced  or  discovered. 

Some  breeders  have  advocated  inoculation  on  the  ground  that  vac- 
cination has  been  found  efficacious  in  preventing  smallpox  in  the  human 
subject,  and  that,  consequently,  inoculation  should  be  an  equally  reli- 
able preventive  of  hog  cholera.  In  reaching  this  conclusion  they 
overlook  two  very  important  facts.  In  the  first  place  there  are  com- 
municable diseases,  such  as  tuberculosis,  from  which  no  immunity  can 
be  acquired  either  from  vaccination,  inoculation,  or  an  attack  of  the 
disease  contracted  by  ordinary  exposure.  It  is  therefore  impossible  to 
decide  such  a question  by  reasoning  from  one  disease  to  another.  The 
matter  of  immunity  must  be  determined  by  observations  with  each 
l)articular  disease.  In  the  second  place,  the  effects  of  inoculation  and 
vaccination  are  radically  difterent.  The  vaccine  virus,  as  used  in  the 
prevention  of  smallpox,  is  not  the  virus  of  smallpox,  but  of  a different 
and  distinct  disease.  It  produces  a mild  disease  in  cattle  and  an 
equally  mild  disease  in  people.  It  never  assumes  a malignant  and 
fatal  character  eitlier  in  cattle  or  people.  Foi’  this  reason  it  can  be 
used  with  safety.  Before  vaccination  was  discovered,  however,  inocu- 
lation with  smalli:)ox  virus  was  sometimes  used,  but  its  results  were 
uncertain  and  often  fatal. 

Inoculation  is  now  being  advocated  as  a preventive  for  hog  cholera, 
and  it  should  be  remembered  that  this  means  the  introduction  into  the 
animaPs  body  of  the  strong  virus  of  the  malady,  and  it  is  a question  of 
the  size  of  the  dose  whether  the  disease  lu’oduced  by  this  oi)eration  is 
mild  or  fatal  in  its  character. 

The  dose  is  not  the  only  factor  Avhich  influences  the  result  that  fol- 
lows inoculation.  The  strength  of  the  virus  varies  so  much  in  different 
outbreaks  of  the  same  disease  that  a perfectly  harmless  dose  obtained 
from  one  outbreak  Avill  be  certainly  fatal  when  obtained  from  another. 

There  is  another  influence  which  has  an  even  greater  effect  in  vary- 
ing the  results  of  inoculation,  and  that  is  the  Avide  difference  in  the  sus- 
ceptibility of  the  animals.  A dose  of  virus  that  Avill  scarcely  affect  one 
animal  Avill  kill  another  in  the  same  herd,  and  there  is  also  such  a grea-t 
difference  in  the  susceptibility  in  different  herds  that  the  dose  Avhich 
might  be  used  on  one  herd  Avithout  producing  any  noticeable  effects 
AA^ould  set  up  a disease  in  another  herd  and  cause  the  loss  of  a majority 
of  the  animals. 
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Witli  tliese  varying  condition Sj  wliicli  in  many  cases  can  neither  be 
foreseen  nor  controlled,  inocnlation  is  an  operation  which  is  attended 
with  more  or  less  danger  of  producing  the  very  disease  which  we  are 
seeking  to  avoid.  In  our  experiments  we  found  that  a dose  of  1 cubic 
centimeter,  i.  e.,  from  15  to  20  drops  of  the  strongest  cultivated  virus, 
would  occasionally  kill  an  animal.  From  one-quarter  to  one-half  this 
quantity,  i.  c.,  from  4 to  10  drops,  have  been  given  without  serious  con- 
sequences in  any  case. 

Such  doses  generally  produce  a swelling  where  injected,  which  is  at 
first  warm  and  more  or  less  i^ainful,  and  later  becomes  encysted.  The 
center  softens,  disintegrates,  and  becomes  a purulent  mass,  which  may 
remain  encysted  or  may  force  an  opening  through  the  skin  and  dis- 
charge for  several  weeks.  An  inoculation  of  this  kind  produces  a slight 
degree  of  immunity,  because  a second  inoculation  can  then  be  made 
Avith  2 or  3 cubic  centimeters  of  virus,  i.  c.,  with  four  to  twelve  times 
the  first  dose,  and  still  no  fatal  effects  result. 

The  second  inoculation  increases  the  immunity,  but  still  the  animals 
are  not  able  to  resist  the  effects  of  feeding  with  strong  virus  or  expos- 
ure in  pens  Avhere  sick  animals  are  kei^t.  We  inoculated  about  50  ani- 
mals in  this  way  in  our  first  experiments,  varying  the  doses  somewhat, 
and  only  5 of  them  resisted  the  first  exposure.  By  giving  tAvo  inocula- 
tions Ave  of  course  get  a greater  degree  of  protection  than  can  possibly 
be  obtained  from  one  inoculation,  with  safety  to  the  animals,  but  the 
expense  of  tAAO  inoculations  is  so  great  that,  in  order  to  make  the 
method  practical,  the  inoculator  gwes  only  one  dose,  and  generally 
increases  that  beyond  the  limit  of  safety.  Thus,  in  some  exiAeriments 
that  have  been  made  in  the  West,  I am  informed  that  a dose  of  1 cubic 
centimeter,  i.  e.,  from  15  to  20  drops,  was  given,  and  many  herds  con- 
tracted the  disease  and  died,  as  should  have  been  anticipated  from  the 
experiments  previously  made  by  the  Bureau  of  Animal  Industry. 

In  view  of  these  facts,  which  have  been  deA^elojAed  by  careful  and 
unbiased  scientific  inquiry,  it  is  scientifically  and  economically  of  the 
greatest  importance  to  thoroughly  investigate  and  consider  the  evi- 
dence brought  forAvard  by  those  Avho  assert  inoculation  to  be  a great 
success  before  their  claims  are  admitted  to  be  correct. 

If  inoculation  does  not  protect  ia  a majority  of  cases  from  the  disease, 
this  alone  should  be  a sufficiently  serious  objection  toprcA^ent  its  adop- 
tion. Ard  if,  in  addition  to  a failure  to  protect,  there  is  a graAe  dan- 
ger of  stunting  the  hogs  that  are  inoculated,  of  producing  a fatal  form  of 
the  disease,  and  of  spreading  the  contagion  to  hogs  that  are  not  inocu- 
lated, then  to  advocate  or  adopt  this  method  Avould  be  so  absurd  and 
jueposterous  that  it  could  not  be  expected  of  sensible  and  reasonable 
men. 

The  question  of  the  value  and  success  of  inoculation  must,  therefore, 
be  decided  by  an  examination  of  the  results  of  this  operation  Avhere  it 
has  been  practiced  and  tested.  It  can  not  be  decided  by  unsupported 
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assertions  nor  by  plausible  arguments  wbicli  ignore  tlie  failures  and 
losses,  and  take  into  account  only  tbe  cases  where  the  animals  survive 
the  operation. 

The  question  has  become  a specially  important  one.  Inoculation  has 
been  so  persistently  and  unqualifiedly  recommended  during  the  past 
four  years  by  Dr.  Billings,  of  the  Nebraska  Experiment  Station,  and 
he  has  been  so  firmly  sustained  by  the  chancellor  and  regents  of  the 
University  of  Nebraska  and  by  a portion  of  the  agricultural  press,  that 
the  operation  has  been  adopted  and  practiced  on  a scale  of  considerable 
magnitude.  A widespread  interest  in  the  matter  has  been  excited,  and 
many  farmers  are  anxiously  inquiring  whether  the  claims  that  have 
been  put  forth  are  or  are  not  well  founded. 

The  general  adoption  of  inoculation  by  our  farmers  either  means  pro- 
tection from  hog  cholera  or  it  means  great  loss  from  the  cost  of  the  opera- 
tion and  the  spread  of  the  disease.  Whetlier  one  or  the  other  of  these 
results  is  demonstrated  to  follow  the  practice,  it  is  the  duty  of  this  De- 
partment to  collect  the  facts,  to  consider  them,  and  to  present  them  to 
swine- growers  with  the  legitimate  deductions  to  which  they  lead.  The 
time  has  come  when  this  can  be  accomplished  in  a sufliciently  complete 
manner  to  leave  no  doubt  as  to  the  conclusions  which  must  be  reached. 
An  extended  correspondence  with  those  who  have  tested  inoculation 
has  brought  out  many  facts  of  the  greatest  interest  and  most  direct 
bearing  on  the  subject.  In  addition  to  this  an  exi)eriment  made  on  a 
sufficient  scale  to  insure  reliable  and  decisive  results,  and  with  every 
precaution  that  could  be  suggested,  confirms  the  conclusion  reached 
from  an  examination  of  the  practical  tests.  In  fact  all  the  eAudence, 
from  the  first  experiments  made  by  this  Bureau  early  in  188G  to  the 
latest  inoculations  in  Nebraska,  is  harmonious  and  points  unquestion- 
ably to  the  same  general  conclusion. 

EXAMINATION  OP  THE  CLAIMS  AND  INOCULATIONS  MADE  BY 
DR.  BILLINGS,  1887  to  1889. 

The  chief  advocate  of  inoculation  has  undoubtedly  been  Dr.  E.  S. 
Billings,  of  the  Nebraska  Experiment  Station,  and  when  others  hav^e 
advocated  this  xiractice  they  have  based  their  opinions  upon  his  exi)eri- 
ments.  To  fully  understand  the  value  and  bearing  of  the  evidence 
brought  out  by  his  tests,  it  is  consequently  necessary  to  take  them  up 
with  some  detail  and  examine  them  Avith  care. 

In  the  Nebraska  State  Journal,  January  21,  1887,  he  said: 

Under  the  auspices  of  the  State  University  I have  heen  successful  in  demonstrat- 
ing that  this  disease  can  he  almost  absolutely  j^revented  by  means  of  artificial  inocu- 
lation, and  we  are  prepared  to  make  any  test  that  may  be  desired  with  the  small 
number  of  hogs  at  our  command.  * * * As  it  is,  we  have  as  sufficiently  demon- 

strated the  fact  that  vaccine  prevention  is  practical  and  possible,  as  we  have  done  it 
in  a large  number  of  hogs,  for  the  tests  have  been  far  more  severe  than  could  possibly 
occur  to  hogs  in  any  infection  under  natural  conditions. 
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In  tlie  same  paper  for  January  25,  1887,  lie  said : ^^All  we  now  need 
is  the  means  to  make  one  grand  test  experiment,  which  1 propose  to  do 
as  soon  as  the  funds  yon  have  so  kindly  asked  for  are  at  our  disposal.” 

Being  requested  to  make  this  experiment  by  the  State  veterinarian, 
in  order  that  the  method  might  be  adopted  in  the  field,  if  successful,  by 
the  State  live  stock  sanitary  commission,  he  replied  in  a long  article, 
from  which  the  following  quotation  is  made: 

I leave  it  to  every  practical  farmer  in  Nebraska  wlietlier  he  considers  another  test 
necessary  to  show  that  prevention  by  inoculation  can  be  done.  Then  why  is  it  not 
practical  as  well  as  practicable  f 

First.  Cecause  it  stunts  the  hogs  in  their  growth. 

Second.  Because  the  method  used  consists  of  a virus  which  contains  the  germs  or 
specific  cause  of  hog  cholera. 

(So  long  as  we  use  such  a virus  as  that,  so  long  will  it  be  possible  for  every  hog  thus 
inoculated  to  infect  the  earth  or  pens  where  it  is  placed,  and  hence  make  pestiferous 
centers  where  none  may  previously  have  existed.  As  the  earth  is  the  natural  abode 
of  the  germs  of  this  disease,  it  is  self-CAddent  they  would  again  acquire  their  natural 
virulence  in  course  of  time.) 

We  have  not  been  engaged  to  spread  this  disease,  but  to  prevent  it. 

These  two  circumstances  were  doubtless  unknown  to  the  State  veterinarian  of 
Nebraska  when  he  smldenly  disfilayed  such  extraordinary  interest  in  the  welfare  of 
the  swine  breeders  of  the  State.  Thej^  show  the  utter  folly  of  continuing  this  line  of 
experimentation  and  the  test  demanded  by  him. — (Nebraska  State  Journal,  October 
9,  1887.) 

The  above  quotation  shows  that  thus  early  in  his  investigations  the 
investigator  recognized  three  conclusions  as  the  result  of  his  exf^eri- 
ments:  first,  that  inoculation  stunted  the  hogs;  secondly,  that  it  spread 
the  disease;  and,  thirdly,  that  the  method  is  not  i3ractical,  and  that  it  is 
utter  folly  to  continue  this  line  of  experimentation. 

The  experimentation  was  nevertheless  continued,  for  at  the  meeting 
of  the  National  Swine  Breeder. s’  Association,  November  14,  1888,  Dr. 
Billings  said: 

I would  say  to  you  that  there  is  no  question  but  that  we  are  eventually  going  to 
prevent  swine  plague  by  inoculation.  My  tests  are  more  severe  than  any  that  have 
ev'er  been  made  by  Pasteur  or  anybody  else  in  the  line  of  experiments,  and  there  has 
been  ]io  failure.  This  year  I received  word  from  my  assistants  that  they  har^e  inocu- 
lated 1,000  hogs.  They  would  have  inoculated  more,  but  I myself  am  opposed  to  it 
for  the  simple  reason  that  the  method  does  not  suit  me. 

Within  two  weeks  after  this  public  announcement  that  there  had  been 
no  failure  and  that  1,000  hogs  had  been  inoculated,  the  Breeders’  Ga- 
zette (November  28,  1888)  contained  the  following  statement: 

Mr.  H.  H.  Hess,  Surprise,  Nebr.,  writes:  For  the  interest  of  the  readers  of  the  Ga- 
zette I would  like  to  give  my  experience  rvith  inoculation  as  a preventive  of  hug 
cholera.  I had  Dr.  Billings  inoculate  260  head  of  hogs  for  me,  and  he  just  killed  all 
but40,  and  they  will  die.  I consider  it  the  greatest  humbug  ever  heard  of.  My  hogs 
were  perfectly  healthy  when  inoculated.” 
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Tliis  and  otlier  newspaper  articles  on  tlie  subject  brought  out  a state- 
ment by  the  originator  of  the  experimentSj  from  which  the  folio  wing- 
table  is  compiled : 


Name  of  owner. 

Xo.  in- 
oculated. 

Xo.  lost. 

Surprise,  Xebr. : 

93 

1«3 

73. 

Ed.  Jiiiikley 

Xo  information. 

E.  W.  Luddoii 

Xone. 

L.  E.  Luddon 1 - 

4(5 

Xearly  all. 

220. 

H.  H.  Hess 

2(j() 

C.  W.  Walker 

11 

Xone. 

Gibbon,  Xebr. : 

W.  A.  liofjers 

10 

22 

H.  A.  Lee 

154 

Unmplirey  & Harris 

34 

1).  P.  Asbburn 

18 

Lincoln,  Xebr. : 

State  Farm 

30 

Falls  City,  Xebr. : 

Mr.  Steele 

121 

Large  number. 

Total 

1,  014 

Mr.  Walker  has  since  stated  that  in  L.  E.  Lnddon’s  herd  all  bnt  (> 
diedj  and  that  some  of  Mr.  Binkley’s  were  lost,  bnt  the  number  was  not 
given.  An  article  in  the  Omalia  Bee  at  the  time  stated  that  Mr.  Steele 
lost  110  within  thirty  days.  Mr.  Hess  states  that  his  total  loss  Avas 
240.  This  would  make  the  loss  from  the  information  at  hand  403  out  of 
the  1,014  inoculated,  or  45 J per  cent.  This  does  not  include  Mr.  Bink- 
ley’s loss,  which  is  unknown. 

When  it  is  considered  that  the  experimenter  had  asserted  for  nearly 
two  years  that  he  could  prevent  the  disease  by  inoculation,  that  during 
this  time  the  question  had  been  contested  and  he  had  been  ])erfecting 
his  method,  and  that  these  experiments  were  made  to  demonstrate  the 
value  of  the  method,  such  a conqAlete  and  disastrous  failure  in  the  re- 
sults is  certainly  surprising.  Under  such  circumstances  it  is  self-evi- 
dent that  more  than  ordinary  care  would  be  observed  in  preparing  the 
virus,  and  in  having  the  conditions  as  favorable  as  possible  for  success. 

An  attempt  has  been  made  to  explain  these  losses  on  the  theory  that 
the  herds  were  infected  before  they  Avere  inoculated,  and  that  the  iiio(‘- 
ulation  had  nothing  to  do  Avith  the  production  of  the  disease.  It  is  said 
that  in  one  herd  several  had  died  before  the  inoculation  5 that  the  tAVO 
Luddon  brothers,  Avho  were  among  those  that  inoculated,  lived  side  by 
side,  the  road  only  separating  their  dooryards ; that  their  hogs  were  inoc- 
ulated at  the  same  time  and  in  every  particular  alike,  using  virus  out 
of  the  same  bottle,  yet  not  one  out  of  the  larger  herd  sickened  i)ercepti- 
bly,  while  Avith  the  other  herd  all  but  six  died;  that  another  brother 
liad  a dozen  or  more  hogs  that  were  not  inoculated  and  Avere  kept  in  a 
tight  pen  on  the  ju-emises  Avith  the  latter  herd,  to  which  they  Avm-e  in 
no  Avay  exposed,  ^^but  simultaneously  Avith  them  sickened  and  died  in 
about  the  same  ratio.”  From  this  it  Avas  argued  that  no  i)oison  could 
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work  tliat  way,  fatal  or  liarmless  according  to  tlie  side  of  tlie  liigliway 
on  wliicli  it  was  administered.” 

In  considering  this  explanation,  we  can  not  lose  sight  of  the  fact  that 
the  virus  of  contagious  diseases  is  exactly  the  one  poison  which  does 
act  in  an  unequal  and  ai^parently  erratic  manner.  When  a roomful  of 
school  children  are  exj^osed  to  one  of  their  number  aftected  with  measles 
or  scarlet  fever,  every  child  does  not  contract  the  disease,  though  all 
are  equally  exposed.  The  children  of  some  families  will  contract  the 
disease,  while  those  of  other  families  will  remain  free  from  it.  This  is 
not  the  result  of  living  on  different  sides  of  a street  or  in  different 
l)arts  of  a town,  but  it  is  due  to  the  difference  in  suscei^tibility,  which 
varies  both  Avith  individuals  and  Avith  families. 

The  observation  of  natural  outbreaks  of  hog  cholera  also  shows  that, 
with  animals  equally  exposed,  some  will  contract  the  disease  and  die  while 
others  Avill  be  unaffected.  Of  two  herds  in  adjoining  fields  one  may  be 
affected  and  the  other  remain  healthy.  In  the  same  herd  the  young 
l)igs  may  all  die  and  the  older  hogs  may  not  show  signs  of  disease. 
Such  observations,  repeated  in  innumerable  instances,  are  sufficient  to 
demonstrate  that  the  action  of  the  Aurus  of  contagious  diseases  can  not 
lAroperly  be  compared  Avith  other  poisons.  A poisonous  dose  of  strych- 
nine Avill  affect  all  animals  of  the  same  species  and  size  in  substantially 
the  same  manner.  The  same  dose  of  hog-cholera  virus  may  kill  a por- 
tion of  the  animals  to  Avhich  it  is  administered,  Avhile  the  other  portion 
may  shoAv  no  effects  from  it.  In  the  ex];)eriments  made  by  this  Bureau 
concerning  inoculation  this  has  been  incontestably  demonstrated.  A 
feAv  examples  Avill  illustrate  this. 

Of  4 hogs  inoculated  with  cul)ic  centimeters  each,  of  culture  liquid, 

I died  in  seven  days,  1 in  eleven  days,  and  2 survived. 

Of  8 hogs  inoculated  with  one-half  cubic  centimeter  each,  of  culture,  1 
died  in  six  days  and  the  remainder  survived. 

Of  16  hogs  inoculated  Avith  a like  dose  of  the  same  culture,  1 died  and 
the  rest  remained  Avell. 

Of  tAvo  lots  of  hogs  containing  21  and  27  animals  respectiAnly,  and 
together  exposed  to  the  same  contagion  4 died  from  one  lot,  and  none 
from  the  other. 

Of  tAvo  lots  of  hogs  containing  16  and  14  respectively,  and  together 
ex[)osed  to  the  same  outbreak  of  disease,  the  larger  lot  resisted,  Avhile 

II  of  the  14  in  the  other  lot  died. 

These  instances  are  sufficient  to  shoAv  the  unsoundness  of  the  argu 
ment  that  because  a part  of  the  herds  resisted,  the  others  could  not 
have  contracted  the  disease  from  tlie  inoculation. 

To  determine  Avhether  the  disease  Avas  produced  by  the  ino(*ulation,  the 
most  imxAortant  eAudence  is  the  time  at  Avhich  the  first  sickness  Avas 
observed  in  the  inoculated  herds.  If  about  the  usual  period  of  incuba- 
tion elapsed  after  inoculation  before  sickness  or  deaths  occurred,  that 
is  a very  strong  indication  that  the  disease  Avas  caused  by  the  inocula- 
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tion.  If  there  were  deaths  in  one  herd  before  the  inoculation  was  per- 
formed  that  herd  should  be  left  out  of  consideration.  Unfortunately, 
no  clear  statement  of  the  facts  has  been  made  to  the  public  by  the 
inoculator,  and  what  has  been  written  is  conflicting  and  contradictory. 
At  the  meeting  of  the  National  Swine  Breeders^  Association  above 
referred  to  it  was  stated  that  no  failure  had  occurred.  Afterwards  it 
was  stated  that  about  400  had  died,  but  that  this  was  not  the  result  of 
the  inoculation.  Still  later  it  was  stated  that  over  1,000  hogs  had 
been  inoculated  in  Nebraska  since  1886,  most  of  which  had  been  ex- 
posed and  reexposed  to  infection  in  very  severe  outbreaks  of  the  real 
swine  plague,  with  a reported  loss  of  but  11  hogs  out  of  the  whole  num- 
ber.* 

It  has  not  been  asserted  that  there  had  been  any  sickness  among  L. 
E.  Luddon’s  hogs  before  inoculation.  It  is  only  said  that  his  brothers 
hogs,  across  the  road,  did  not  become  sick,  and  that  another  brother’s 
hogs,  on  the  same  premises,  sickened  simultaneously  and  died  in  about 
the  same  proportion.  This  proves  nothing.  As  has  already  been  shown, 
one  lot  of  hogs  may  resist  an  exi)osure  that  will  be  very  fatal  to  another 
lot.  If  the  date  of  inoculation  and  the  date  of  the  first  death  in  the 
lot  of  46  had  been  given,  as  Avell  the  first  death  among  the  hogs  in  the 
pen,  this  would  be  a better  indication  from  which  to  judge.  But  this 
information  has  never  been  given. 

What  is  meant  by  the  two  lots  sickening  simultaneously Was  the 
first  sick  animal  in  each  lot  observed  within  the  same  hour,  the  same 
day,  or  the  same  week!  This  makes  an  important  difference.  If  they 
were  observed  the  same  day  it  Avould  not  show  that  the  disease  was  not 
the  result  of  the  inoculation.  In  making  an  inoculation  the  owner  is 
liable  to  infect  his  clothing  and  to  carry  the  contagion  on  that  or  on  his 
shoes  to  another  lot  of  hogs  on  the  same  premises.  If  the  first  sickness 
or  death  occurred  between  five  and  thirty  days  after  inoculaticm,  it 
probably  was  caused  by  the  inoculation.  That  is  as  much  as  can  be  said. 

If  this  were  the  only  herd  that  sickened  out  of  a large  number  we 
vshould  be  disposed  to  admit  that  the  infection  was  accidental.  But  if, 
on  the  other  hand,  it  can  be  shown  that  disease  in  other  cases  has  fre- 
quently followed  inoculation,  and  that  the  sickness  appeared  from  live 
to  thirty  days  after  the  operation  was  iDerformed,  it  would  not  be  logi- 
cal to  conclude  that  this  was,  in  all  such  cases,  an  accidental  coinci- 
dence, and  that  the  inoculation  was  harmless. 

Fortunately,  we  have  the  facts  in  regard  to  the  largest  herd  inocu- 
lated at  that  time.  The  owner  in  reply  to  an  inquiry  made  the  follow- 
ing statement: 

Surprise,  Nebr.,  February  2, 1892. 

Sir:  Yours  of  tlie28tli  ultimo  received,  and  I will  try  and  give  you  my  experience 
with  inoculation.  The  fall  of  1888,  some  time  in  October,  as  near  as  I can  remember. 
Dr.  Billings,  of  Lincoln,  sent  Dr.  Thomas  here  to  inoculate  my  hogs,  which  numbered 
260.  In  about  eight  or  ten  days  after  they  were  inoculated  they  all  took  sick.  Within 

* Prevention  of  Swine  Plague  by  Inoculation.  Frank  S,  Billings  & Co.,  p.  5. 
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four  weeks  230  died,  and  between  that  time  and  spring  10  more  died.  Only  20  sur- 
vived out  of  260. 

My  bogs  were  perfectly  liealtby  when  inoculated. 

That,  in  brief,  is  my  experience.  If  Dr.  Billings  had  not  been  indorsed  by  the  State 
I should  never  have  allowed  him  to  inoculate;  but  he  had  stated  in  a lecture  that  it 
was  no  more  an  experiment,  but  a settled  fact ; that  it  was  a preventive.  I do  not  be- 
lieve that  making  the  virus  out  of  a cholera  hog  and  putting  it  into  a heathy  hog 
will  work. 

I could  not  recommend  inoculation. 


Very  respectfully. 


H.  H.  Hess. 


Hon.  J.  M.  Rusk. 


The  following  correspondence,  brought  out  by  a circular  of  inquiry 
from  this  Department,  shows  that  many  herds  were  inoculated  during 
1888  and  1889,  and  that  many  losses  from  inoculation  occurred  during 
those  years,  of  which  the  public,  up  to  this  time,  has  had  no  informa- 
tion. They  also  indicate  most  emphatically  that  the  sentiment  among 
the  farmers  in  the  districts  where  inoculation  has  been  most  thoroughly 
tested  is  overwhelmingly  against  the  practice. 

Dr.  H.  N.  Hall,  Ayr,  Adams  County,  Nebr. : 

The  last  outbreak  of  hog  cholera  in  this  vicinity  was  in  1889.  Two  herds  were 
inoculated.  One  belonged  to  AV.  Lowman,  of  Hastings,  Nebr.  The  owner  says  1 
died  while  testing  it,  and  the  rest  never  did  well  and  were  hard  to  fatten.  The 
other  herd  contained  10  animals,  and  in  this  none  died  from  inoculation.  The  popu- 
lar opinion  on  inoculation  in  this  part  of  the  State  is  not  very  favorable.  AVe  are 
Availing  for  a chance  to  test  it  more  thoroughly. 

Edward  Crcager,  Juniata,  Adams  County,  Nebr. : 

Inoculation  has  been  practiced  to  a certain  extent.  It  Avas  tested  in  four  herds  that 
I know  of,  an  average  of  5 in  each  herd  being  inoculated.  I can  not  say  positively 
how  many  deaths  occuiTcd  before  thirty  days  or  hoAV  many  afterward,  but  most  of 
the  deaths  occurred  before  that  period  had  elapsed.  I Avould  not  recommend  inocu- 
lation. 

J.  W.  Coulter,  Hastings,  Adams  County,  Nebr. : 

Inoculation  has  been  practiced  in  this  vicinity,  and  particularly  in  one  herd  of 
about  300  head ; the  number  in  the  other  herds  not  knoAvn.  In  the  large  herd  a few 
died  in  about  tAvelve  to  fifteen  days  after  the  inoculation;  exact  number  not  knoAvn. 
I am  a strong  believer  in  inoculation,  but  I Avould  advise  care  in  its  use.  All  the 
hogs  on  the  place  should  be  inoculated  at  one  time  that  have  not  been  previously 
inoculated.  E\xry  thing  said  in  regard  to  this  should  be  taken  with  a grain  of  alloAv- 
ance,  for  in  1883,  1881,  and  1885  my  neighbors’  hogs  had  the  cholera  and  large  num- 
l)ers  of  them  died,  and  mine  were  not  affected,  although  they  frequently  intermingled. 
I thought  this  Avas  because  I treated  my  hogs  someAvhat  differently,  and  that  I had 
found  a preventiAm  for  the  cholera,  but  in  1886  my  hogs  nearly  all  died. 

D.  N.  Miller,  David  City,  Butler  County,  IS^ebr. : 

Inoculation  was  practiced  in  the  Avestern  part  of  Butler  County  in  1888.  Eight  or 
ten  herds  Avere  inoculated.  I Avould  not  recommend  inoculation. 

John  H.  Sleeger,  Surprise,  Butler  County,  Nebr. : 

Inoculation  has  been  tried  in  this  vicinity.  Mr.  H.  H.  Hess,  of  Sur])rise,  had  inocu- 
lated a fcAV  years  ago  260  head,  and  230  died  directly  from  the  effects  of  inoculation, 
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80  the  owner  stated.  Ed.  Hinckley,  also  of  Surprise,  had  several  hundred  treated, 
and  a great  many  died.  Wilhur  Ludden  tried  it  with  the  same  results;  also  his 
brother,  L.  Ludden,  all  of  Surprise.  I am  not  able  to  give  you  the  number  in  any  of 
the  herds  except  that  of  Mr.  Hess.  I never  tried  inoculation,  although  I lost  nearly 
all  my  hogs  a few  years  ago.  About  the  only  man  in  this  neighborhood  that  believes 
in  the  treatment  is  C.  H.  Walker,  of  Surprise.  He  and  Dr.  Billings  were  going 
through  the  county  doing  all  they  could  toward  it,  but  I do  not  know  of  anyone 
trying  it  since  the  men  above  named  failed. 

Lewis  E.  Talmage,  of  Surprise^  Butler  Coimtyj  Nebr. : 

In  rejjly  to  yours,  will  saj^  the  last  case  that  I know  anything  about  was  that  of 
D.  L.  Sylvester,  of  Surprise.  In  the  fall  of  1890  he  had  75  inoculated,  and  then  sold 
them  to  Mr.  C.  H.  Walker,  of  Surprise,  to  shij)  to  Iowa.  I do  not  know  the  percent- 
age of  deaths  resulting  from  the  inoculation.  Miller  Brothers,  of  Surprise,  in  1890, 
had  some  70  inoculated,  and  lost  almost  the  entire  herd.  They  also  had  a bunch 
inoculated  in  1888  and  lost  a large  percentage.  Mr.  Christ.  Schroder,  of  Surprise, 
had  250  inoculated,  and  he  told  me  he  lost  nearly  the  entire  herd,  and  the  few  that 
did  live  were  damaged.  Mr.  H.  H.  Hess,  of  Surprise,  inoculated  in  1888  probably  200 
head,  and  lost  90  per  cent.  Wilbur  and  Charles  Ludden,  of  Surprise,  the  same  fall 
inoculated  with  the  same  results.  The  number  of  hogs  given  in  each  case  is  from 
memory.  ' 

D.  P.  Aslibiirn,  Gibbon,  Buffalo  County,  Nebr. : 

Inoculation  has  been  practiced  in  this  vicinity  by  6 or  8 persons  having  from  30  to 
200  animals  in  a herd.  With  one  single  exception  none  were  lost.  H.  A.  Lee,  of 
Kearney,  lost  3 or  4 head  out  of  a pen  of  24  that  were  closely  confined  and  had  only 
dry  corn  and  water  to  eat.  He  also  inoculated  about  125  that  were  running  after 
cattle  in  a field  or  large  corral  at  the  same  time  and  with  the  same  virus,  and  the  effect 
was  not  noticeable.  None  died  or  were  sick.  I would  recommend  inoculation  in 
careful,  intelligent  hands,  but  not  otherwise.  It  creates  a mild  case  of  cholera,  from 
which  the  disease  will  spread  if  not  prevented,  and  as  the  average  hog-raiser  is  not  to 
be  relied  upon  in  this  particular,  I think  for  general  use  as  a preventive  it  would  l)e 
likely  to  create  as  much  loss  as  it  would  prevent.  I have  used  it  for  several  suc- 
ceeding years  with  success,  and  if  I again  raise  hogs  shall  use  it  if  nothing  better 
offers.  I am  impressed  with  the  great  need  of  a safer  virus,  and  think  it  i)ossible 
that  scientific  research  might  discover  it. 

John  lieddy,  Gibbou,  Buffalo  County,  Nebr. : 

In  answer  to  your  inquiries  I must  say  none  of  my  hogs  were  inoculated,  but  my 
neighbors  put  8 hogs  in  my  yard  as  a test  that  were  inoculated  by  S.  C.  Bassett,  the 
agent  of  Dr.  Billings,  of  Lincoln,  Nebr.  Seven  out  of  the  8 died  of  cholera,  and  the 
1 that  lived  had  a slight  touch  of  it,  but  recovered.  A very  poor  showing,  as  we  all 
thought,  since  a greater  2)er  cent,  of  my  hogs  lived  that  were  not  inoculated  at  all. 

S.  C.  Bassett,  Gibbon,  Buff'alo  County,  Nebr.: 

A few  hundred  hogs  were  inoculated  in  this  vicinity  in  the  years  of  1888  and  1889. 
A less  number  were  inoculated  in  1890  and  1891.  According  to  my  recollection,  seven 
herds  were  inoculated,  containing  from  20  to  150  head  in  a herd.  In  the  majority  of 
these  herds — five,  as  I remember — none  of  the  inoculated  hogs  died  within  thirty 
days.  In  the  other  two  herds,  3 in  one  herd  of  20  inoculated  and  7 in  one  herd  of  150 
inoculated  died.  These  exi)erinients  were  mostly  confined  to  pigs  ranging  from  six 
weeks  to  three  months  old.  Five  of  these  inoculated  jugs  were  j)laced  in  a herd 
suffering  from  one  of  the  most  fatal  outbreaks  of  cholera  I have  ever  known,  and 
3 of  said  pigs  died.  On  my  own  farm,  I inoculated  hogs  first  in  tJie  spring  of 
1888,  and  with  one  exception  have  inoculated  all  pigs  fiirrowed  on  the  farm  since 
that  date.  I have  had  no  hogs  die  from  the  effects  of  inoculation;  neither  have  I 
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had  inoculated  hogs  die  with  hog  cholera.  From  my  observation  and  experience  I 
am  strongly  of  the  opinion  that  of  hogs  inoculated  by  the  Billings  method  as  now 
practiced  a large  per  cent  may  be  prevented  from  contracting  the  disease  hog  cholera. 
1 am  positive  that  inocnlation  by  this  method  does  not  kill,  does  not  stnnt,  does  not 
injnrionsly  affect  the  hog.  Its  effects  are  hardly  perceptible  to  those  Avho  care  for 
hogs. 

0.  JJean,  Gibbon,  Biiftalo  County,  Nebr. : 

I can  not  telljnst  how  many  herds  or  the  number  of  animals  in  each  herd  that  weie 
inoculated.  Inoculated  hogs  died  in  all  the  herds  so  far  as  I know,  but  can  not  state 
the  nnml)or.  It  has  not  proved  to  be  a preventive  for  hog  cholera  in  onr  part  of  the 
country. 

William  Welland,  Gibbon,  Buftalo  County,  Nebr. : 

Inoculation  has  been  practiced  in  this  vicinity  in  seven  or  eight  herds,  from  25  to  200 
in  a herd,  in  past  years.  None  in  1891.  In  one  or  two  instances  3 or  4 head  died.  In 
several  instances  hogs  have  been  taken  from  inoculated  herds  and  exposed.  They 
stood  the  test  where  the  inocnlation  was  properly  done.  I would  not  recommend  in- 
ocnlation in  its  present  condition.  I believe  the  practice  and  principles  are  right  and 
will  prevent  disease,  but  the  great  liabilitj'^  of  spreading  disease  by  inoculation  in 
careless  hands  is  too  great  to  make  its  general  use  praetical.  What  is  needed  is  virus 
that  will  produce  the  effect  without  starting  the  disease. 

W.  J.  Bavis,  Fort  Kobiuson,  Dawes  County,  IS^ebr. : 

Billings’s  inocnlation  has  been  tried  in  some  neighborhoods.  I think  about  six 
herds  and  about  10  in  each  herd.  I only  heard  of  2 that  died  out  of  the  total  num- 
ber. I would  recommend  inocnlation. 

B.  M.  Allen,  general  manager  of  the  Standard  Cattle  Company, 
Ames,  Dodge  County,  Kebr. : 

We  have  practiced  inocnlation  ourselves,  but  do  not  know  of  any  other  person  in 
this  county  who  has  practiced  it.  We  inoculated,  .June  9,  1889,54  hogs;  August 
1,  1889,  141?  hogs;  and  Ave  inoculated  8 head  of  sucking  pigs  about  April  1,  1891. 
In  onr  first  experiment  4 head  died  out  of  54  within  thirty  days.  In  the  next  exper- 
iment, August  1,  1889,  a violent  outbreak  occurred,  destioying  all  but  about  30  out 
of  143.  The  last  bunch  of  8 head  Avere  all  sucking  pigs,  and  died  soon  after  inocula- 
tion. I am  not  able  to  say  Avhether  they  died  from  the  inocnlation  or  not.  The 
second  lot  of  143  Avere  slightly  infected  Avith  cholera  at  the  time  of  inoculation. 
The  outbreak  Avhich  started  August  7 lasted  longer  than  thirty  days.  I Avonld  not 
recommend  inoculation  from  my  personal  observation  of  its  effects,  but  from  my  ex- 
perience Avith  hog  cholera  I recommend  its  trial  in  a very  careful,  systematic,  and 
guarded  manner  by  such  farmers  as  are  intelligent  enough  to  xiractice  it  themselves. 
I think  it  is  likely  that  the  nnmber  of  hogs  that  will  survive  outbreaks  of  cholera 
Avill  be  greater  if  inoculation  is  practiced,  especially  if  practiced  at  several  differ- 
ent times  on  the  same  subject. 

B.  W.  Eeynolds,  Fremont,  Dodge  County,  Nebr. : 

So  far  as  my  own  information  goes,  I am  led  to  believe  that  Dr.  Billings’s  inocula- 
tion process  for  the  prevention  and  cure  of  hog  cholera  is  a failure  in  the  majority 
of  cases.  I knoAV,  hoAvcver,  that  by  adopting  advanced  ideas  as  to  sanitary  condi- 
tions, and  adhering  to  them,  hog  raisers  in  this  county  are  suffering  less  than  for- 
merly. 

J.  O.  Milligan,  Scribner,  Dodge  County,  Nebr. : 

The  feAv  experiments  in  inoculation  made  in  this  section  did  not  proAm  very  satis- 
factory. From  my  observation  of  its  effects  I Avould  not  Avant  it  jiracticed  on  my 
herd.  As  far  as  I knoAV  ])ersonally  that  method  of  treatment  not  only  j)roved  fatal 
to  the  hogs  inoculated,  but  caused  the  disease  to  spread. 
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G.  Abell,  Exeter,  Fillmore  County,  ISTebr. : 

A neighbor  of  mine,  William  Sullivan,  of  Cordova.  Seward  County,  had  some  of 
his  hogs  inoculated.  I went  to  see  him  this  morning.  He  inoculated  between  20  and 
25.  He  had  on  his  farm  probably  twice  that  number.  Three  or  4 of  the  smaller 
ones  died.  There  being  no  disease  in  the  neighborhood  at  that  time,  he  hardly  con- 
siders it  a fair  test  of  prevention. 

Hugh  Gibson,  Fairmont,  Fillmore  County,  Nebr. : 

I know  of  only  3 men  that  have  tried  inoculation.  One  herd  had  50  head;  all 
died.  One  herd  had  65  head ; 35  died.  The  other  herd  of  30  head  all  did  well.  All 
the  deaths  occurred  twenty  to  twenty-live  days  after  inoculation.  Would  recom- 
mend inoculation  when  the  animals  are  two  or  three  months  old.  After  they  get 
older  I do  not  think  it  is  successful. 

John  Sheridan,  Grafton,  Fillmore  County,  Kebr. : 

I know  of  three  herds  that  were  inoculated,  varying  from  40  to  60  head  in  ea^h. 
In  two  of  them  none  were  lost,  while  in  the  third  herd  about  all  died.  I have  no 
faith  in  any  remedy,  inoculation  included.  As  far  as  these  two  herds  are  concerned 
I think  it  no  proof  that  they  were  protected  from  the  cholera.  One  man  purchased 
15  head  soon  after  inoculation ; they  are  all  right.  There  are  several  herds  that  have 
not  been  inoculated  and  escaped  the  cholera.  I had  130  in  my  herd.  They  got  the 
cholera.  I tried  all  the  so-called  sure  cures  to  no  effect;  then  changed  them  around 
to  a different  part  of  the  farm  in  different  lots,  grading  them  according  to  their  ap- 
pearance. I think  that  saved  24.  There  was  a bunch  of  hogs  within  60  rods  of 
mine  that  were  not  inoculated,  and  they  did  not  get  the  cholera. 

H.  C.  Stoll,  Beatrice,  Gage  County,  Nebr.  : 

Two  years  ago  I had  23  head  inoculated  by  Billings’s  man,  and  all  died  within 
twenty  days.  I have  been  told  that  Mr.  Billings  had  a large  hog  ranch  at  Da  venport, 
Iowa,  where  he  bought  several  hundred  hogs  and  inoculated  them;  but  cholera  hogs 
came  in  contact  with  them,  and  then  they  all  went  up  the  spout.”  A man  told  me  that 
was  there  and  saw  them.  1 most  decidedly  would  not  recommend  inoculation,  unless 
the  operator  first  pays  for  the  hogs.  Three  years  ago  my  hogs  contracted  the  disease 
at  the  St.  Louis  fair,  and  I lostover  $5,000  worth.  I then  bought  23  head  of  fiiie  sows, 
all  in  pig.  I had  a talk  with  Billings,  and  he  told  me  to  inoculate  them.  I told  him 

1 was  afraid,  because  they  were  all  in  j)ig.  He  said  it  would  not  hurt  them  on  that 
account.  He  sent  a man  who  inoculated  them.  The  next  week  he  came  again  and 
repeated  it.  The  result  was  that  all  died.  The  same  man  inoculated  two  herds  in 
Iowa,  and  they  died.  When  I told  Billings  the  result,  he  sent  out  pamphlets  stating 
that  sows  in  pig  should  not  be  inocnlated.  He  should  have  known  that  at  first.  But 

2 or  3 died  that  were  not  in  pig.  I had  a long  talk  with  one  of  his  men,  and  he  said 
it  was  a good  thing  if  10  per  cent  were  saved  by  inoculating  them.  I do  not  want 
any  preventive  that  will  save  only  10  per  cent  when  I can  save  50  i)er  cent  after 
they  get  the  disease. 

G.  I).  Mulliliaii,  Paddock,  Holt  County,  Nebr. : 

Near  Creighton,  where  I formerly  lived,  there  were  some  hogs  inoculated,  and 
there  are  various  opinions  as  to  its  preventing  cholera,  but  the  majority  are  not  favor- 
able to  it  as  near  as  I can  learn. 

Francis  C.  Urban,  Little,  Holt  County,  Nebr. : 

Inoculation  has  been  tested  in  two  herds  in  this  vicinity.  In  one  herd  of  twelve, 
8 Avere  inoculated  and  6 after  Avard  died.  The  other  herd  contained  28  head,  of  Avhich 
22  were  inocnlated,  and  25  afterAvard  died.  From  Avhat  I have  seen  I Avould  not 
recommend  inoculation.  These  herds  Avere  inoculated  according  to  the  Billings 
method  by  a veterinarian  from  Lincoln,  Nebr. 
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C.  F.  Sodman,  Elk  Creek,  Joliiison  County,  Xebr. : 

My  neiglibor  had  10  hogs  inoculated  out  of  a herd  of  25,  and  another  had  5 inocu- 
lated out  of  20.  All  the  inoculated  hogs  in  the  first  herd  died,  and  part  of  those  not 
inoculated.  In  the  second  herd  no  hiigs  died.  I Avonld  not  recommend  inoculation. 

C.  M.  Branson,  Lincoln,  Lancaster  County,  Xebr. : 

The  State  prison  tried  inoculation,  and  an  extensive  feeder  of  cattle  and  hogs  tried 
it.  It  Avas  done  hy  Dr.  Billings.  There  Avere  tAvo  herds — I think  about  50  in  each 
herd.  Nearly  all  died  in  one  herd,  and  I think  none  in  the  other.  Some  A\dio  liaAm 
had  hogs  inoculated  liaAm  told  me  that  they  AA  ere  highly  pleased  AA'ith  it,  and  say  they 
AA'Ould  not  risk  haA'ing  hogs  A\  ithout  inoculation.  Dr.  Billings  has  often  assured  me 
that  it  is  a AA  onderful  preventiA’e.  I kuoAv  nothing  of  my  own  exiierience. 

H.  B.  Miisser,  Lincoln,  Lancaster  County,  Xebr. : 

I have  only  learned  of  a feAv  herds  that  Avere  inoculated.  In  one  a part  A\mre  in- 
oculated; in  the  others,  all.  I do  not  knoAA'  the  number  Avhich  Avere  aftei’Avard  lost, 
hut  the  greater  part  died.  I Avould  not  recommend  inoculation. 

E.  E.  Black,  Eayinond,  Lancaster  County,  Xebr. : 

Only  one  herd  in  this  A'icinity  has  been  inoculated.  This  contained  hut  3 animals, 
and  1 out  of  the  3 died.  There  has  been  a great  deal  of  inoculation  in  tliis  county 
hy  Dr.  Billings  and  his  assistants,  hut  reports  are  A ery  conflicting  as  to  the  results. 

James  AV.  Eaton,  Xebraska  City,  Otoe  County,  Xebr.: 

I only  knoAV  of  one  herd  that  Avas  inoculated,  and  they  AAmre  CAndeutly  infected  be- 
fore the  operation.  This  herd  belonged  to  John  Campliell,  of  Nebraska  City.  His 
neighbor,  Simeon  Patton,  has  a hog-yard  just  across  the  road,  4 rods  distant,  both 
being  mostly  in  a Ioav  SAvale.  Mr.  Patton’s  hogs  had  cholera,  and  AA'ere  dying  fast 
AN'hen  Mr.  Campbell  got  the  virus  and  inoculated  his  oavu  hogs.  Mr.  Campbell  in- 
oculated 20  large  hogs  and  65  pigs  or  young  hogs.  Of  the  large  hogs,  19  Avere  kept 
at  some  distance  from  the  others  and  from  Mr.  Patton’s.  None  of  these  shoAA'ed  any 
indications  of  being  sick.  The  other  large  hog,  being  lame,  AAms  kejit  Avith  the  pigs. 
He  died,  and  so  did  60  or  61  of  the  shotes  out  of  the  65  inoculated.  The  shotes  got 
sick  in  six  or  scA’cn  days  afti'r  treatment  and  died  soon  afterAtard.  Mr.  Campbell 
does  not  helieA'e  in  inoculation. 

EieiL  Lucas,  Uuadilla,  Otoe  County,  Xebr.: 

The  cholera  is  as  it  has  always  been.  I have  had  it  on  my  farm  about  six  times, 
hut  not  during  the  last  three  years.  The  last  year  it  paid  us  a A’isit  in  January,  and 
took  all  hut  12.  An  outbreak  the  June  before  left  about  25.  My  neighbor  did  not 
luiAm  the  disease  at  any  of  the  times  Avhen  it  Ausited  me.  All  there  is  hetAA  eeu  his 
hogs  and  mine  is  a common  Iioard  and  Avire  fence.  Noaa',  during  the  last  tAA’eh'e 
months,  Avhen  my  farm  has  been  free  from  it,  it  has  taken  his  hogs.  It  singles  out 
one  man,  and  takes  almost  all  his  hogs,  Avhile  his  neighbor  goes  free.  Mr.  W.  Pot- 
ton,  of  Unadilla,  had  about  50  head  Avhich  Avere  inoculated.  After  about  three 
months  he  sold  8 to  Mr.  AA  ery,  Avho  had  the  disease  some  three  or  four  months  be- 
fore and  lost  nearly  all  of  his  hogs.  Of  the  8 inoculated  hogs  bought,  he  put  7 in 
the  yards  that  had  the  disease  in  them  some  months  before.  One  Avas  taken  aAvay 
to  other  lots.  Tlie  7 all  contracted  the  disease  in  a scA'ere  form.  Three  died;  tlie 
other  4 cAmntually  recoA  ered.  Tlie  other  1 ne\'er  took  the  disease  nor  A\  as  exposed. 
I haA'e  no  faith  in  inoculation  or  anything  else  to  preA'ent  this  disease. 

A.  E.  Lane,  Table  Bock,  Pawnee  County,  Xebr.: 

'I'hcre  Avere  Iavo  herds  inoculat(‘d  in  this  neighhorhood  in  February,  1890.  One 
herd  was  owned  hy  D.  K.  Miller.  It  consisted  of  9 animals  that  had  been  ])urchased 
hy  him  for  the  (■xiierinu'iit,  and  lliey  AA'ere  su])posed  to  he  free  fi’om  ilisease.  'I'hey 
^vel■e  inoculated  hy  ^S.  C.  Bassett,  one  of  Dr,  Billings’s  agents,  Fight  of  tlie  9 dieif 
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witliin  tliirty  days  after  tlieir  inoculation.  Herd  number  2 consisted  of  13  animals. 
They  were  inoculated  by  the  same  man  with  virus  from  the  same  bottle  as  the  first 
herd  mentioned.  Six  of  the  13  died. 

Byron  Street,  Plielps,  Phelps  County,  ^^ebr. : 

A herd  east  of  here  was  inoculated.  About  10  or  12  per  cent  died  from  the  inocu- 
lation. After  a time  the  herd  was  taken  into  a yard  wliere  otlier  hogs  had  the  cholera 
in  its  worst  form.  Part  of  the  inoculated  hogs  sickened,  but  none  died. 

John  W.  Tollman,  Danbury,  Bed  WilloAV  County,  Nebr. : 

Two  herds  that  I know  of  have  been  inoculated.  They  belonged  to  C.  Underwood 
and  P.  P.  Wright.  One  herd  contained  about  100  head,  and  there  were  4 or  5 of  them 
died  in  a few  days  after  they  Avere  inoculated.  I do  not  know  the  number  in  the 
other  herd.  The  oAAuiers  of  both  of  those  herds  claim  that  the  animals  luiA'e  since 
been  exposed  and  no  further  losses  have  occurred. 

John  Tig’lie,  Humboldt,  Eichardson  County,  Nebr. : 

The  parties  that  I knoAV  Avho  had  hogs  inoculated  in  this  county  are  Wesley  Hum- 
mel, Hr.  J.  G.  Cox,  M.  Hardy,  and  Fred  LoAvis.  Mr.  LoAvis  did  the  inoculating  Avith 
virus  furnished  by  Dr.  Billings.  I can  not  noAV  say  Iioav  soon  after  inoculation  any 
of  these  hogs  died,  but  the  general  impression  is  that  it  is  Avorthless  as  a preventive. 
I do  not  knoAV  of  a man  in  our  county  that  is  in  fiiAmr  of  it.  I Avould  not  inoculate 
my  oA\m  hogs  from  Avhat  I understand  about  the  Avay  that  it  has  acted  on  the  hogs  in 
this  county. 

Jolin  Liclity,  Palls  City,  Eichardson  County,  Nebr. : 

Two  herds  Avere  inoculated  in  this  Aucinity  by  Dr.  Billings.  Nearly  all  died. 

John  M.  Brockman,  Humboldt,  Eichardson  County,  Nebr. : 

My  neighbor,  Dr.  J.  G.  Cox,  had  his  herd  of  hogs  inoculated,  and  lost  nearly  the 
entire  herd.  I think  the  inoculation  caused  the  disease  in  this  herd.  Inoculation 
has  been  a total  failure  as  a preventive  of  hog  cholera  in  every  instance  that  has 
come  under  my  observation. 

Isaac  E.  Ewalt,  Falls  City,  Eichardson  County,  Eebr. : 

Prof.  Billings,  of  the  State  University,  inoculated  about  one-half  of  a herd  for  a man 
in  this  neighborhood,  and  about  lialf  of  them  died  within  thirty  days.  4'liis  is  the 
only  herd  inoculated  in  Kichardson  County  that  I am  aAvare  of.  I Avoiild  not  recom- 
mend inoculation,  as  I have  but  little  faith  in  it.  I saAv  Mr.  Steel  the  other  day.  Ho 
is  the  man  who  oAvned  the  herd  inoculated  hero.  I asked  him  his  opinion,  and  if  he 
could  recommend  inoculation.  He  said  he  did  not  knoAV  Avhether  it  aa^is  a preventive 
or  not,  as  the  disease  was  in  his  herd  AAdien  they  Avere  inoculated,  and  there  were  as 
many  of  them  died  that  Avere  inoculated  as  of  those  that  Avere  not. 

P.  O.  Avery,  Humboldt,  Eicliardson  County,  Nebr. : 

Mr.  F.  L.  LoAvis  inoculated  about  a dozen  herds  about  a year  ago.  The  herd  of  Dr. 
J.  G.  Cox,  al)out  30  head,  all  died,  or  nearly  all,  within  about  tAvo  Aveeks.  Mr. 
LeAvis  inoculated  his  oaa  u herd,  about  25  in  number.  They  recoA^ered  all  right,  and 
Avere  feeding  up  and  doing  finely  till  about  sixty  days  after  being  inoculated,  AA'hen 
they  took  sick,  and  all,  or  nearly  all,  died,  seldom  living  over  four  days  after  getting- 
sick.  Mr.  John  Holman  had  25  head  inoculated,  Avhich  he  kept  on  the  place  where 
he  lives.  After  about  tAA-o  months  ho  moA-ed  them  to  another  farm  AA’here  he  liad 
quite  extensive  feed  lots,  and  AAdiere  he  had  put  about  80  shotes  that  he  liadjnst 
bought  out  Avest  Avhere  crops  had  failed,  and  they  had  no  cholera.  The  latter  took 
sick  A^ery  soon  and  all  died  but  2.  None  of  the  inoculated  hogs  died.  The  inocu- 
lation Avas  made  according  to  Dr.  Billings’  method. 
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Charles  Neely,  jr.,  Humboldt,  Eicliardson  County,  Nebr. : 

I only  know  of  five  or  six  herds  that  have  been  inoculated.  Two  herds  have  lost 
severely  after  inoculation.  From  my  A'ery  limited  knowledge  of  inoculation,  I am 
not  very  favorably  impressed  Avith  it. 

A.  Tynan,  Stella,  Eichardson  County,  Nebr. : 

Inoculation  has  been  tried,  but  deemed  useless,  and  is  no  longer  practiced.  In  one 
herd  75  Avere  inoculated,  and  all  died.  Those  that  Avcre  not  inoculated  lived.  I 
Avould  not  recommend  it,  for  in  OA^ery  case  I knoAv  of  it  Avas  a failure. 

J.  S.  Wilcox,  Morse  Bluff,  Saunders  County,  Nebr. : 

Lyons  Brothers,  of  Lyons,  Burt  County,  Nebr.,  had  20  heart  inoculated  in  1889  by  IMr. 
Courtney,  of  Lincoln,  Nebr.  These  AVcre  placed  Avitli  sick  hogs  at  Mr.  HalTs  thirty 
days  after  inoculation.  I Avcnt  on  purpose  to  see  this  lot,  and  have  a letter  from  Mr. 
Lyons  saying  that  he  lost  more  than  three-fourths  of  them;  also  that  scA^eral  of  his 
neighbors  aa  Iio  Avere  testing  inoculation  lost  theirs.  Mr.  Courtney  claimed  that  the 
virus  Avas  not  right,  and  proposed  to  make  further  test  and  guarantee  the  hogs.  This 
proposition  Avas  accepted,  and  the  hogs  died  again  this  time.  Mr.  Courtney  has  not 
paid  for  the  loss  as  he  had  agreed. 

C.  E.  Ward,  Belvidere,  Thayer  County,  Nebr.: 

I knoAV  of  one  herd  that  Avas  inoculated  in  1889.  It  belonged  to  J.  II.  Horncday. 
The  herd  contained  30  hogs,  Avhich  were  inoculated  July  10.  Twenty-scA^en  died  be- 
fore August  15. 

J.  M.  Beuuett,  Hebron,  Thayer  County,  Nebr.: 

I began  inoculating  in  NoA^cmber,  1889,  since  Avhich  time  there  has  been  no  disease 
among  my  hogs.  I once  ]uit  3 inoculated  hogs  in  a sick  bunch.  Tavo  died;  the  other 
Avas  affected  but  did  not  die.  This  is  the  only  test  I luiA^e  had  oiiportunity  to  make. 

E.  T.  riiefke,  Gresham,  York  County,  Nebr. : 

I do  not  knoAA"  of  any  inoculated  herds  that  have  been  exposed  to  hog  cholera  and 
have  not  afterward  suffered  from  the  disease.  Mr.  Samuel  F.  Weaver,  of  Ulyvsses, 
Butler  County,  Nebr.,  had  a herd  of  79  inoculated.  These  Avere  exposed  Iaa  o Aveeks 
after,  and  all  died  but  13.  As  far  as  I liaA^e  noticed,  it  aA\ails  nothing.  One  herd  of 
48  Avere  doing  aa  cII  Avhen  inoculated,  and  in  a week  began  to  get  sick  and  die. 

E.  J.  Currier,  Harlan,  Shelby  County,  Iowa: 

In  the  fall  of  1889,  November  or  December,  F.  S.  Billings,  by  his  agent,  INIr.  Court- 
ney, inoculated  133  young  hogs  for  me.  The  inoculation  aa  as  repeated  about  sixty 
days  after.  BctAveen  one  and  tAAU)  months  after  the  hogs  began  to  sick(*n,  and  about 
70  of  them  died.  I sent  21  to  another  farm,  and  after  they  had  been  there  a month 
they  took  the  cholera  and  gaA’e  it  to  the  healthy  hogs  already  on  the  place.  There 
Avas  no  other  case  of  cholera  in  that  region,  and  my  neighbors  AA^ere  not  losing  any  at 
the  time  mine  were  sick.  Did  inoculation  do  it?  It  looks  like  it.  At  any  rate,  I 
shed  no  tears  because  Billings  has  shut  off  the  supply  of  A'irus  for  all  outside  of 
Nebraska. 

The  following  extracts  from  letters  received  by  Frank  S.  Billings  & 
Co.,  and  publislied  in  pamphlet  No.  3 on  inoculation,  are  also  of  interest 
in  this  connection : 

Thos.  L.  Peifer,  Lincoln,  111.: 

Out  of  the  42  head  (of  which  25  Avere  pigs,  and  of  Avhich  4 of  the  latter  died  and  1 
of  the  large  hogs,  since  inoculating),  my  hogs  haA'c  done  exceedingly  aa’cII  ; they 
ap])ear  healthy,  but  I can  scarcely  attribute  this  to  inoculation,  as  there  has  been  no 
disease  in  the  immediate  neighborhood,  so  that  the  pre2)ouderaiice  of  CAudence  AAmnld 
not  proA'e  much  yet  Avith  me. 


21 


H.  A.  Lee,  Kearney,  Buffalo  County,  Kebr. : 

About  tlie  20tli  of  October,  1888,  I bad  154  pigs  inoculated  as  a preventive  of  bog 
cbolera.  Twenty-four  of  tbe  above  niiinl)er  were  at  my  borne  farm,  and  tbe  balance, 
130  liead,  were  2 miles  distant,  at  tbe  stock  rancb  and  feed  yards. 

During  tbe  two  years  previous  to  tliis  I bad  lost  tbe  larger  part  of  my  pigs  during 
tbe  late  fall  and  winter  with  cbolera,  and  believing  tbe  yards  to  be  tborougbly  in- 
fected witli  tbe  disease  I concluded  to  try  inoculation  as  a preventive.  No  ebolera 
bas  made  its  appearance  on  my  farms  since. 

As  to  its  immediate  effects,  I will  say  that  tbe  24  bead  at  tbe  borne  farm,  Avbose 
feed  was  principally  corn,  Avere  most  of  tbem  affected,  over  one-balf  sboAving  cbolera 
symptoms.  Some  of  tbem  did  not  get  over  it  for  weeks,  and  one  died.  Tbe  130  bead 
up  to  tbe  time  of  inoculation  bad  been  kept  almost  entirely  on  oats,  and  tbe  inocu- 
lation produced  no  visible  effect  on  tbem. 

On  tbe  24tb  of  October,  1889,  Mr.  Bassett  inoculated  143  bead  of  pigs;  137 of  tbem 
were  at  tbe  cattle  rancb  and  6 small  runty  pigs  at  tbe  farms.  Tbe  operation  pro- 
duced no  visible  effect  on  tbe  137,  but  of  tbe  6 bead  at  tbe  farm  4 died. 

On  tbe  8tb  of  December,  1889,  I took  4 of  tbe  137  and  placed  tbem  with  tbe  bogs 
of  John  Keddy,  of  Gibbon,  whose  bogs  were  dying  with  tbe  cbolera.  One  took  tbe 
disease  and  died;  tbe  otlier  3 are  still  at  bis  farm,  and  tbe  last  time  I saw  tbem 
seemed  bealtby  and  were  doing  Avell.  On  tbe  28 tb  of  December  last  Mr.  Bassett 
came  and  wished  to  reinoculate  those  which  be  bad  before  inoculated,  saying  be 
feared  tbe  virus  used  on  tbe  24tb  of  October  bad  lost  its  protective  principle.  Al»out 
135  bead  Avere  reinoculated;  over  half  of  them  Avere  sensibly  affected,  ceased  groAV- 
ing,  and  lost  flesh,  and  there  are  fully  40  bead  that  baA^e  not  yet  recovered  from  tbe 
effects  of  tbe  last  operation. 

0.  S.  Freiicli,  OLapiu,  111.: 

With  me  inoculation  bas  not  been  tbe  success  that  I hoped  it  would  be.  Tbe  first 
lot  of  74  did  fairly  Avell;  2 died  soon  after  the  operation,  and  1 disai)peared ; do  not 
know  whether  be  died  or  not.  One  of  that  lot  died  a feAv  days  ago;  be  drooped 
around  a feAv  daj^s  Avith  outward  symptoms  of  cbolera.  Tbe  rest  seem  all  right  of 
that  lot. 

Tbe  last  lot  of  27  I would  pronounce  a perfect  failure.  They  neAxr  seemed  to  get 
over  tbe  ojAeration.  They  keep  ruuning  doAvn  until  they  die.  There  bas  more  than 
half  of  them  died,  and  I think  more  of  tbem  Avill  die  yet. 


PROTECTION  BY  INOCULATION. 

We  will  now  turn  for  a inoiiieut  to  the  question  of  the  protection  by 
the  operation.  To  what  extent  were  the  hogs  inoculated  in  Nebraska 
protected  from  the  contagion  if  really  exifosed  to  it?  The  advocates  of 
inoculation  tell  ns  that  it  has  been  impossible  for  them  to  give  the 
disease  to  their  inoculated  hogs.  The  letters  quoted  above  show  that 
in  several  cases  the  inoculated  hogs  contracted  disease  when  they  were 
eximsed  to  it  in  about  the  same  proportion  as  those  which  had  not  been 
inoculated.  John  Keddy  I'ejforts  8 inoculated  hogs  exposed,  all  of 
which  became  sick,  and  7 of  Avhich  died.  S.  0.  Bassett  reports  5 ex- 
posed, of  which  3 died.  Fred  Lucas  reports  7 exposed,  all  becoming 
sick  and  3 dying.  P.  O.  Avery  reports  a herd  of  25  which  took  the 
disease  sixty  days  after  inoculation,  and  three-fourths  of  which  died.  J. 
M.  Bennett  put  3 inoculated  hogs  with  sick  ones;  all  took  the  disease 
and  2 died.  E.  J.  Currier  had  133  hogs  inoculated;  sixty  days  after- 
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ward  they  were  inoculated  the  second  time,  and  from  this  inoculation 
contracted  the  disease  and  70  died.  Onr  experiments  at  Washington 
show  that  nearly  all  inoculated  hogs  can  be  afterwards  fatally  infected 
with  cholera.  Did  the  animals  inocnlated  in  Nebraska  receive  any 
greater  degree  of  immunity  than  those  which  were  inocnlated  in  Wash- 
ington ? These  tests  indicate  that  they  did  not. 

The  board  of  inquiry  appointed  by  the  Commissioner  of  Agricul- 
ture in  1888  procured  a number  of  hogs  that  had  been  inoculated  in 
Nebraska  (about  17),  and  tested  them  by  feeding  them  with  cultivated 
virus  of  hog  cholera  and  by  inoculating  them  with  the  virus  of  hog 
cholera  and  swine  plague.  In  each  case  a number  of  animals  that  had 
not  received  the  protective  inoculation  were  used  in  the  experiments  to 
determine  the  effect  of  exposure  upon  ordinary  swine.  The  ffrst  test  was 
made  by  feeding  cultivated  virus,  but  this  did  not  prove  strong  enough 
to  kill  any  of  the  hogs.  Even  those  which  had  not  been  inocnlated 
survived,  but  all  of  the  hogs,  including  those  that  had  been  inocnlated, 
were  very  sick.  Tlie  inoculated  hogs  were  not  quite  so  sick  as  the  others, 
but  there  Avas  very  little  difference.  Four  of  the  inoculated  hogs  from 
Nebraska,  and  5 hogs  from  Pennsylvania,  Avhich  had  not  previously  been 
inoculated,  w^ere  then  inocnlated  with  the  virus  of  the  disease  knoAvn  as 
infectious  pneumonia  or  swine  plague.  Of  the  4 Nebraska  inoculated 
hogs  3 died  and  1 recovered,  but  this  one  Avhen  subsequently  killed  for 
examination  X)toved  to  be  very  seA^erely  affected.  Of  the  5 hogs  whicffi 
had  not  been  previously  inocnlated  1 died  and  4 were  sick  and  recov- 
ered. When  killed  for  examination  one  ot  the  4 Avas  found  seriously 
diseased;  the  other  3 Avere  either  slightly  or  not  at  all  affected. 

Still  later,  4 Nebraska  inocnlated  hogs  and  2 other  hogs  Avhich  had 
not  been  inoculated  Avere  fed  upon  the  viscera  of  hogs  AAdiich  had  died  of 
hog  cholera.  Tavo  of  the  inoculated  hogs  and  2 that  had  not  been  inoc- 
ulated contracted  hog  cholera  and  died.  Taa'^o  of  the  inocnlated  hogs 
remained  Avell. 

As  a last  test  the  remaining  6 animals  from  Nebraska  Avere  inocu- 
lated by  intravenous  injection  of  the  cnltiA^ated  virus  of  hog  cholera.  Of 
these,  3 had  been  inoculated  Avith  hog-cholera  Aurus,  and  1 had  been  in- 
ocnlated Avith  the  sterilized  liquids  in  Avhich  hog-cholera  germs  had 
grown,  and  2 had  recovered  from  an  attack  of  hog  cholera.  The  4 hogs 
which  had  received  the  protective  inoculation  all  died.  One  of  the  re- 
covered hogs  died,  and  the  other  resisted  the  Aims  and  remained  Avell. 

It  is  quite  evident  from  these  experiments  that  the  animals  inoculated 
in  Nebraska  Avere  fully  as  susceptible  to  hog  cholera  aftei*  the  o])era- 
tion  as  Avere  those  Avhich  had  been  inoculated  in  the  exiAeriments  of  this 
Bureau  in  Washington. 

The  conclusion  that  inoculation  is  not  a satisfactory  prcA^entiA^e  for 
hog  cholera  is  by  no  means  inconsistent  Avith  the  results  obtained  in 
investigating  other  diseases.  Various  experiments  have  shown  that 
the  i)rotection  Avhich  follows  one  attack  of  a disease  or  Avhich  is  i^ro- 
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(luced  artificially  by  inoculation  or  vaccination  is  by  no  means  absolute. 
It  is  simply  an  increased  iiower  to  resist  that  particular  contagion,  and 
it  may  be  sufficient  to  guard  against  the  small  doses  of  the  virus  which 
with  most  diseases  are  all  that  an  animal  is  exiiosed  to  under  ordinary 
conditions.  But  if  from  any  cause  a larger  (piantity  of  the  contagion 
finds  its  way  into  the  animars  body  it  will  contract  the  disease  in  a fatal 
form  in  spite  of  the  immunity  derived  from  a previous  attack  or  from 
inoculation.  This  was  strikingly  shown  in  the  writer’s  experiments 
with  fowl  cholera  (Beport  Department  of  Agriculture,  18Sl-’82,  p.  289) 
and  by  the  researches  of  Prof.  Chauveau  with  anthrax.  While,  there- 
fore, it  may  be  perfectly  practical  to  iirevent  by  inoculation  those  dis- 
eases in  which  tlie  contagion  does  not  multiply  outside  of  the  body,  and 
with  which  the  attack  is  caused  by  a small  quantity  of  virus  floating  in 
the  air  or  adherent  to  the  woodwork  of  buildings,  it  may  be  much  more 
difficult  or  impossible  to  prevent  that  other  class  of  diseases  to  which 
hog  cholera  belongs,  and  which  are  caused  by  germs  that  multiply  freely 
in  water,  in  the  soil,  and  in  moist  organic  matter,  and  which  are  con- 
sequently taken  into  the  body  in  enormous  quantities,  especially  by 

SAvine. 

This  brings  the  history  of  the  attenijits  to  prevent  hog  cholera  by 
inoculation  down  to  the  year  1880.  In  that  year  Dr.  Billings  resigned 
his  position  in  the  Nebraska  Exxieriment  Station  and  established  a lab- 
oratory in  Chicago  for  inocnlating  hogs  as  a jirivate  enterxirise.  Some 
of  the  experiments  mentioned  in  the  letters  published  above  refer  to 
inoculations  made  with  virus  from  this  laboratory.  As  it  was  not  iios- 
sible  in  all  cases  to  decide  whether  the  Aurus  aaus  procured  from  Lincoln 
or  Chicago,  and  as  at  both  xilaces  it  Avas  jirexiared  by  the  same  indi- 
vidual, the  letters  giving  the  experience  of  SAvine-growers  have  been 
inserted  together  in  the  report. 


INSURANCE  OF  INOCULATED  HOGS. 

When  the  laboratory  at  Chicago  Avas  about  to  commence  operations, 
the  impression  giA^en  out  Avas  that  the  oaa  ners  of  inoculated  hogs  Avere 
to  be  insured  against  losses.  The  folio Aviug  appeared  editorially  in  the 
Farmers’  Eeview,  Ajuil  10,  1889: 

His  newest  departure  is  one  that  will  doubtless  create  a furore  of  excitement  in 
the  ranks  of  the  veterinary  fraternity  of  the  country,  and  indeed  among  the  agri- 
cultural community  likewise.  The  Billings  Live-Stock  Insurance  Company  has,  we 
understand,  declared  its  intention  of  doing  business  on  a mammoth  scale,  and  before 
many  months  pass  will  have  received  its  final  papers.  This  will  be  no  clap-trap  con- 
cern, founded  on  the  visionary  lines  of  heretofore  live-stock  insurance  conij)anies,  which 
have  accepted  risks  against  death  from  disease  and  accident,  and  brought  ruin  to 
all  concerned — excepting,  of  course,  the  sharpers  running  the  scheme.  Hogs  will  be 
insured  against  death  from  cholera  on  condition  that  the  animals  are  inoculated 
with  virus  of  the  disease  prepared  at  the  laboratories  of  the  company,  which  it  is 
proposed  to  erect  and  provide  with  the  best  bacteria-poison  chemist  in  the  world,  re- 
gardless of  cost. 
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In  the  Nebraska  State  Journal,  May  2,  1889,  Frank  S.  Billings  an- 
nounced over  his  own  signature  that : 

As  regards  my  own  experience  with  inoculation,  there  are  a large  nnmher  of  farm- 
ers who  have  now  made  the  necessary  practical  tests  extending  over  a period  from 
June,  1888,  to  the  present  time,  aside  entirely  from  my  own,  hnt  what  is  perhaps 
more  conclusive  proof  than  any  other  is  that  I am  prepared  to  “take  my  own  medi- 
cine and  suffer  the  consequences. 

There  is  a practical  expression  that  “money  talks,’’  and  my  money  and  that  of  my 
friends  will  he  ready  to  talk  to  the  amount  we  may  lose  from  hog  cholera  against 
which  we  are  going  to  insure,  on  condition  that  we  inoculate  the  animals  first,  and 
as  we  intend  to  be  ready  to  “talk”  to  the  tune  of  half  a million  or  over,  and  a.s 
those  interested  with  me  are  “in  for  the  dollars,”  while  I am  in  because  I can  not 
serve  my  country  and  race  in  any  other  way,  under  the  ruling  method  in  American 
politics,  and  as  these  gentlemen  have  investigated  the  preventive  inoculation  ex- 
periments in  Nebraska,  and  are  satisfied  and  anxious  to  go  into  business  on  that 
basis,  it  does  not  seem  that  preventive  inoculation  needs  the  indorsement  of  the  chief 
of  the  bureau  of  animus  intensified. 

These  representations  having  been  publicly  made,  a number  of  swine- 
growers  applied  to  have  their  hogs  inoculated  and  insured  against  loss, 
blit  in  every  instance  that  has  been  brought  to  our  attention  the  pro- 
jectors of  the  enterprise  declined  to  insure  tlie  animals.  In  pamf^hlet 
No.  o,  on  Inoculation  (p.  56),  issued  by  Frank  S.  Billings  & Co.,  it  was 
stated : 

It  must  be  distinctly  understood  tliat  we  do  not  warrant  or  guarantee  anything. 
As  in  vaccination  the  owner  must  accept  the  results,  whatever  they  may  be. 

No  one  but  an  arrant  fraud  and  quack  would  warrant  or  guarantee  that  which 
neither  he  nor  anyone  else  can  invariably  control. 

Why  this  sudden  change  of  policy!  If  no  one  but  an  arrant  fraud 
and  quack  would  Avarrant  or  guarantee  against  loss  after  the  company 
Avas  formed,  Avas  not  the  same  true  Avhen  the  announcement  was  made 
in  Avhich  insurance  Avas  to  be  a prominent  feature  of  the  company’s 
business!  Is  it  not  probable  that  the  losses  folloAving  inoculation  were 
found  to  be  too  great  to  admit  of  ])rofitable  insurance,  rather  than  that 
the  inoculator  had  so  suddenly  ex])erienced  a radical  change  of  senti- 
ment ill  regard  to  the  ])ropriety  of  insurance  in  such  cases!  The  tellers 
given  in  this  reiiort  detailing  the  heavy  losses  in  Nebraska,  losses  Avhich 
have  never  before  been  made  public,  indicate  that  insurance  AAmuld 
have  been  a most  disastrous  financial  operation. 

FAILURE  OF  INOCULATION  AS  A PRIVATE  ENTERPRISE. 

Soon  after  this  comiiany  began  business  in  Chicago  it  Avas  announced 
that  an  experiment  Avould  be  made  at  the  Peoria  distilleries  to  demon- 
strate conclusively  the  value  of  inoculation.  Tliis  Department  sent  a 
reiiresentative  there  to  observe  and  report  upon  the  results.  As  this 
report  differs  someAAdiat  from  the  statement  made  by  the  company  Avhich 
performed  the  inoculation,  the  latter  is  given.  It  is  as  folloAVS : 

Much  curiosity  exists  as  to  an  experiment  Ave  made  at  the  Peoria  distilleries.  The 
plain  facts  are  these : We  put  in  30  single  inoculated  hogs;  15  of  them  died.  We 


also  put  18  double  inoculated  bogs;  none  of  tbera  died.  Two  others  got  in  with 
tbese  by  mistake  wbicb  had  not  been  inoculated;  these  2 died.  We  did  this  to  see 
what  we  had  to  do  in  order  to  meet  the  peculiar  conditions  of  feeding  and  the  sud- 
den change  of  food  to  which  hogs  are  subjected  at  such  places.  We  found  out  what 
we  have  to  do  to  be  successful,  and  hence  the  exx)oriment  answered  our  purposes. 

From  this  statement  we  learn  that  of  the  30  hogs  inoculated  accord- 
ing to  the  method  recommended  for  farmers,  15  head,  or  50  per  cent, 
died  when  exposed.  The  ones  that  were  twice  inoculated  can  not  be 
taken  into  consideration,  because  it  is  almost  universally  admitted  that 
two  inoculations  are  impractical  on  account  of  the  expense,  the  trouble, 
tlie  time  required,  the  added  risk,  and  the  loss  of  growth  in  the  animals. 
It  will  also  be  seen  from  the  experience  at  Davenport,  Iowa,  an  account 
of  which  follows,  that  the  information  obtained  by  the  Peoria  experi- 
ment did  not  avail  to  prevent  loss  when  the  experiment  was  repeated 
on  a larger  scale. 

It  is  not  the  purpose  of  this  bulletin  to  go  into  an  examination  of  the 
details  of  the  experience  of  this  company  with  inoculation  as  ])racticed  on 
farms.  The  following  extract  from  an  editorial  article  in  the  Ohio  Farmer, 
August  9, 1890,  shows  the  financial  result  of  its  operations : 

Dr.  Billings,  in  another  columu  of  this  issue,  auuouiices  that  he  has  decided  to 
withdraw  all  his  advertisements  in  which  he  endeavors  to  bring  the  inoculation  of 
swine  before  the  farmers  as  a preventive  of  cholera,  because  his  efforts  have  been  a 
financial  failure.  But,  to  show  his  faith  in  the  process,  he  intends  to  go  to  farms 
where  swine-feeding  is  the  leading  interest,  purchase  the  hogs  outright,  inoculate 
them,  and  feed  them  at  his  own  expense.  He  says : ^‘The  Government  swine  plague 
has  no  terrors  for  us.’^ 

Further  particulars  of  this  new  undertaking  to  demonstrate  the  value 
of  inoculation  and  to  reap  the  pecuniary  rewards  which  would  follow 
from  a successful  method  of  prevention  are  found  in  the  following  edi- 
torial note  printed -in  the  Farmers’  Peview,  August  UO,  1890: 

We  understand  that  Dr.  Billings  and  those  interested  with  him  in  business  have 
lately  purchased  10  acres  of  land  at  Dubuque  [Daven])ort?],  Iowa,  adjacent  to  the 
glucose  works  in  that  city.  Suitable  buildings  for  the  feeding  of  thousands  of  hogs 
at  one  time  are  to  be  erected  at  once;  pipes  for  carrying  food  from  the  works  to 
the  feeding  troughs  are  to  be  laid  in;  a contract  has  been  made  for  the  supply  of  suf- 
ficent  food  to  feed  40,000  hogs  during  the  year.  A trustworthy  agent  is  at  present 
busily  engaged  in  buying  and  inoculating  4,000  hogs  with  which  to  commence  busi- 
ness, From  all  this  it  becomes  very  apparent  that  inoculation  as  a preventive  against 
hog  cholera  is  not  by  any  means  defunct.  While  farmers  have  not  taken  a unanimous 
share  in  the  benefits  of  the  method  offered  them  in  their  business.  Dr.  Billings  pro- 
poses to  reap  a deserved  reward  by  turning  feeder  and  pocketing  the  profits  that 
hogs  rendered  ironclad  against  disease  must  surely  yield  when  cheaply  fed. 

The  results  of  this  experiment  and  also  of  other  experiments  in  in- 
oculation are  set  forth  in  the  following  communication  from  Mr.  E.  M. 
Crummer,  of  Belleville,  Kans.,  who  for  business  reasons  made  a thorough 
investigation  of  the  whole  subject: 

My  recent  investigations  of  the  merit  of  inoculation  was  prompted  solely  by  tlie 
desire  on  my  part  to  learn  the  real  merits  of  it,  so  as  to  be  able  to  recommend  it  to 
my  patrons  if  I found  it  really  efficient.  I took  considerable  pains  to  make  inquiries 
of  disinterested  parties  who  had  tried  it,  and  while  I found  some  wlio  had  implicit 
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faith  in  it,  the  majority  pronounced  it  an  utter  failure.  And  in  all  cases  where  it 
seemed  (to  the  parties)  to  afford  immunity,  they  really  had  not  exposed  it  to  a j)rac- 
tical  test.  I have  read  most  everything  I could  get  treating  on  inoculation  pro  and 
con,  and  while  I learned  or  suspected  that  in  the  main  it  had  failed  with  the  farm- 
ers, still  I had  a genuine  hope  that  it  would  yet  tjirn  out  to  he  practical,  and  that  the 
failures  might  he  overcome  by  learning  the  practical  conditions  under  which  to  operate. 
A recent  article  in  a Western  stock  paper  stated  that  Dr.  Billings  had  established  at 
Davenport,  Iowa,  near  the  glucose  Avorks,  a plant  for  feeding  hogs  on  a more  extensirm 
scale  than  was  ever  before  attempted.  The  plant  was  to  represent  an  investment 
of  from  $50,000  to  $100,000,  and  have  a feeding  capacity  of  from  5,000  to  10,000  hogs 
at  a time ; also  that  inoculation  was  to  be  their  only  protection  from  disease. 

The  article  Avent  on  to  state  that  they  had  already  1,600  hogs  under  feed,  and  all 
were  doing  Avell,  and  they  had  not  lost  one  from  disease.  This  statement,  emanating 
from  a stock  paper  Avhich  had  sent  their  representative  there,  who  had  spent  a day 
at  the  plant,  caused  me  to  think  that  certainly  no  man  would  invest  so  mncli  money 
in  an  unproved  theory,  and  that  after  all  there  must  be  some  protection  in  it  if  rightly 
administered.  I left  home  some  three  Aveeks  since,  and  made  a thorough  investiga- 
tion, to  my  full  satisfaction.  I Avas  fully  conAunced  of  the  utter  failure  of  inocula- 
tion as  at  present  administered,  and  Avas  disappointed,  as  a matter  of  course.  I found 
at  DaA"en)>ort  a very  extensive  plant,  designed  for  feeding  the  glucose  refuse.  EA’ery- 
thing  Avas  pretty  much  as  represented  in  the  article  referred  to,  except  the  immunity 
from  cliolera  enjoyed  from  the  use  of  inoculation.  At  the  time  I was  there  Mr.  Bil- 
lings Avas  absent,  l)nt  through  the  courtesy  of  the  foreman  in  charge  I Avas  admitted 
and  shoAvn  through  the  plant,  Avith  the  exception  of  tlie  quarantine  deinartment. 
The  hogs  on  hand — what  Avere  left,  and  they  were  only  a handful  of  the  original  num- 
ber— Avere  all  down  Avith  the  cholera.  All  the  rest  had  already  been  inoculated  be- 
Ibre  arriving  at  the  plant,  or  after  getting  them  there. 

Instead  of  there  being  no  losses  from  disease  in  the  plant,  they  had  kept  right  on 
dying  until  the  remnants  of  the  herd,  most  of  Avhich  Avonld  snrviA^e  the  disease,  were 
in  the  same  condition  as  any  other  cholera  herd,  aftected  more  or  less  with  blood 
poisoning,  etc.  The  only  hogs  on  hand  free  from  disease  were  a couple  of  carloads 
in  the  quarantine  department  that  had  not  yet  been  inoculated,  and  since  their  ar- 
rival had  been  protected  by  disinfectants.  The  whole  scheme  of  demonstrating  the 
utility  of  inoculation  is  an  abject  failure.  These  hogs  had  been  bought  uja  by  one  of 
Mr.  Billings’s  inocnlators  out  in  western  Kansas.  Most  of  them  Avere  inoculated  Avhere 
received,  at  the  shij)ping  stations,  and  scA^eral  hundred  died  from  the  effect  of  cholera 
developed  by  inoculation  at  the  places  Avhere  bought,  before  shipping  them  into  the 
idant.  As  yon  are  not  in  so  good  a position  to  learn  the  inside  facts,  I have  been 
thus  frank  and  plain  with  you  about  it.  The  foreman  and  another  gentleman  who 
had  helped  through  all  the  inoculations  told  me  frankly  that  they  had  no  confidence 
in  inoculation,  and  advised  me  not  to  recommend  it  to  my  patrons.  There  is  a Mr. 
Walker  in  Surprise,  Nebr.,  Avho  has  had  perfect  success  Avith  inoculation,  and.AA  ho  is 
going  to  do  the  inoculation  of  all  the  hogs  hereafter  at  the  plant.  He  was  also  going 
to  ship  in  200  of  his  oAvn  hogs  that  had  been  inoculated. 

Mr.  Henderson,  at  Junction  City,  Kans.,  Avhom  I visited,  and  Avhom  Dr.  Billings 
quotes  extensively,  made  no  practical  and  conclusive  test  of  it  at  all.  He  first  inocu- 
lated a drove  of  hogs  that  Avere  recovering  from  cholera.  AfterAvards  inoculated  pigs 
once  or  tAvice.  These  pigs  failed  to  come  down  with  cholera  where  the  ground  had 
been  infected  months  before,  Avhich  proA^es  nothing.  He  made  no  actual  heroic  tests. 
Tlie  most  ])racfic!»l  test  I learned  of  Avas  made  at  Kearney,  Nebr.  Sixteen  pigs,  all 
healthy  and  free  from  disease,  Avere  inoculated,  belonging  to  eight  different  farmers. 
Prof.  B.  sent  out  one  of  his  men,  Mr.  Bassett,  to  do  the  inoculating  and  see  that  it 
Avas  right.  Tliey  recovered  from  the  iuocnlation,  Avere  jiiit  in  Avith  sick  hogs,  and 
every  one  of  them  died.  Then  it  Avas  claimed  that  the  virus  Avastoo  Aveak.  It  seems 
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tliat  the  whole  trouble  is  in  not  being  able  to  adapt  the  strength  of  the  virus  to  the 
condition  of  each  individual  hog  or  pig. 

On  the  whole,  I must  say  I feel  like  complimenting  you  on  your  good  judgment  and 
tliat  of  your  associates  in  going  slow  in  this  matter,  and  not  indorsing  inoculation 
by  Dr.  Billings’s  x)rocess  until  you  had  first  seen  it  thoroughly  demonstrated.  I am 
confident  that  a few  words  of  indorsement  from  you  would  have  resulted  in  intro- 
ducing cholera  where  it  had  never  been  before,  and  in  great  losses  to  stock-growers. 

This  same  correspondent  wrote  as  follows  nearly  a year  later: 

At  the  time  I wrote  you  last  winter  or  siiring,  I had  returned  from  Davenport, 
Iowa,  and  was  expecting  a report  from  the  foreman  of  the  feeding  plant  on  the  re- 
sults of  the  inoculation  of  the  Wisconsin  hogs  which  were  then  in  the  (piarantine 
department,  and  which  were  to  be  inoculated  by  Mr.  Walker,  1 think,  of  Surprise, 
Nebr.  Well,  I waited  several  weeks,  and  wrote  to  the  foreman  again.  He  then  wrote 
me  that  the  Wisconsin  hogs  ^^have  got  the  cholera  very  bad  now.  When  I see  a 
success  of  inoculation  I will  write  you.”  He  never  wrote  me  afterwards,  although  I 
Avrote  him  another  letter  in  order  to  get  a more  definite  report. 

After  tliis  last  failure  to  iimke  a success  of  inoculation  as  a private 
enterprise^  Billings  witlidrew  from  the  company  and  again  accepted  a 
position  as  investigator  in  the  Nebraska  Experiment  Station.  The 
attempt  to  prevent  hog  cholera  by  inoculation  at  the  Davenport  feed- 
ing establishment  was  abandoned.  Inoculation  was,  however,  still 
asserted  to  be  a great  success ; an  effort  was  made  to  introduce  it  ex- 
tensively in  the  State  of  Nebraska,  and  this  Department  was  repeatedly 
and  most  urgently  pressed  to  make  an  investigation  and  satisfy  itself 
that  the  claims  of  its  advocates  were  not  exaggerated. 

AN  EXPERIMENTAL  TEST  OF  INOCULATION. 

During  the  summer  of  1891  there  was  an  outbreak  of  swine  disease 
in  La  Salle  County,  111.  The  farmers  appealed  to  Secretary  Eusk  for 
relief,  and,  on  their  urgent  request.  Dr.  E.  C.  Schroeder,  of  the  Bureau  of 
Animal  Industry,  was  delegated  to  make  investigations  and  to  give  such 
advice  and  assistance  as  were  needed.  An  appeal  was  also  made  to  E. 
S.  Billings,  of  the  Nebraska  Experiment  Station,  and  one  of  the  farmers, 
Mr.  Cadwell,  had  been  to  the  laboratory  of  that  station,  where  he  spent 
some  days  under  instruction,  and  returned  home  with  the  report  that 
he  had  Billings’  assurance  that  he  could  make  the  inoculations  as  well 
as  any  one. 

On  November  7,  Dr.  Billings  gave  a free  lecture  to  the  farmers  at 
Ottawa  on  the  subject  of  inoculation.  The  lecturer  killed  a diseased 
pig  in  the  lecture  room,  and  showed  the  farmers  how  to  dissect  it  and 
how  to  make  a culture  of  the  germs  for  inoculating  purposes,  according 
to  his  method.  He  made  such  a culture,  which  was  retained  by  Mr. 
Cadwell,  already  referred  to  as  having  been  instructed  at  the  Nebraska 
laboratory.  He  distinctly  stated  that  the  virus  he  then  prepared  was 
all  right,  and  that  it  might  be  saved  and  used  to  inoculate  hogs. 

At  the  conclusion  of  this  lecture,  the  Chief  of  the  Bureau  of  Animal 
Industry  being  jmesent,  was  called  upon  and  made  a short  address,  in 
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wliicli  lie  explained  tliat  tlie  Billings  metliod  of  inoculation  was  practi* 
cally  identical  with  that  used  by  the  Bureau  of  Animal  Industry  in  the 
spring  of  1880,  but  which  was  found  not  to  aftbrd  sulhcient  protection 
and  to  have  other  disadvaiitages  which  made  it  unsatisfactory  for  gen- 
eral adoption.  He  stated  that  it  was  the  same  as  that  used  in  Ne- 
braska in  1888,  when  400  hogs  Avere  lost  out  of  1,000  inoculated,  and 
at  Peoria  in  1889,  Avhere  50  per  cent,  of  the  hogs  inoculated  died 
from  cholera,  and  at  Davenport,  Iowa,  in  1890,  where  the  practice  was 
attempted  on  a much  larger  scale  and  failed  disastrously.  He  did  not 
opi)ose  inoculation,  but  pointed  out  the  disadvantages  and  dangers  con- 
nected Avith  it  which  farmers  should  understand  before  they  adopted  it. 
In  conclusion, he  proposed  to  make  an  experiment  in  order  to  demon- 
strate to  the  satisfaction  of  all  Avhether  the  Billings  inoculation  had  any 
better  effect  in  xAieventing  the  disease  than  that  used  by  the  Bureau, 
and  to  indicate  whether  either  Avere  of  practical  value  as  a preventive 
measure. 

The  plan  he  x>roxAOsed  Avas  to  x)urchase  99  healthy  hogs,  33  of  which 
should  be  inoculated  by  Billings,  33  by  himself,  and  33  to  be  left  Avith- 
out  inoculation;  the  entire  99  to  be  exi)osed  to  disease  after  a ])eriod  of 
thirty  days  had  elapsed,  and  the  Avhole  exi)eriment  to  be  under  the 
suxAcrAusion  of  a committee  of  the  farmers  themselA^es,  Avho  Avould  re- 
XK)rt  the  results. 

Dr.  Billings  xn’omptly  declined  to  have  aTiything  to  do  Avith  such  an 
exx^eriment.  The  farmers,  Iioaa  ever,  Avere  much  interested  in  the  prox^o- 
sition  and  decided  to  carry  it  through,  agreeing  that  Mr.  OadAvell 
should  make  the  inoculations  on  one-third  of  the  hogs  Avitli  the  Aurus 
])rei)are(l  during  the  lecture.  At  a meeting  held  in  the  evening  the 
farmers  decided  that  20  hogs  in  each  lot,  00  in  all,  Avould  be  sufficient 
for  the  ex})eriment,  and  ax>pointed  a committee  of  live  to  superintend 
it.  During  the  deliberations  on  the  details,  Billings  affected  a studied 
indiffereiK'e,  turning  his  back  on  those  x)resentand  avoiding  any  x)artici- 
])ation  in  the  discussion  beyond  a few  remarks  to  the  effect  that  he 
did  not  care  what  experiments  Avere  made  in  Illinois,  he  should  con- 
tinue his  inoculations  in  Nebraska. 

The  hogs  were  x>iirchased  and  ready  for  inoculation  Saturday,  No- 
vember 21.  The  committee,  the  rexwesentatives  of  the  Bureau  of  Animal 
Industry,  and  Mr.  CadAvell  Avere  on  hand,  Avheu  the  latter  stated  that 
Billings  had  Avritten  to  him  saying  that  he  did  not  liaA^e  confidence  in 
the  virus  x>i‘epared  by  himself  at  the  lecture  and  that  he  Avould  send 
some  virus,  AAhi(‘h  he  knew  to  be  all  right,  from  Chicago.  This  Adrus, 
however,  he  had  failed  to  send  and  neither  letters  nor  telegrams  had 
brought  any  resx)onse  from  him.  It  Avas  then  agreed  that  Mr.  Cadwell 
should  go  to  Chicago  in  x)erson  to  get  the  virus.  This  he  did,  exx)ect- 
ing  to  be  ba('k  and  ready  to  make  the  inoculations  on  Monday,  the  23d. 
Monday  came,  and  all  i)arties  again  met  at  the  farm  Avhere  the  hogs 
Avere  keiff.  Mr.  Cadwell  now  rexmrted  that  Billings  declined  to  furnish 
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him  with  any  virus,  but  told  him  that  the  proper  way  was  for  him  to 
make  it  at  Ottawa.  Inasmuch  as  Billings  had  frequently  asserted  and 
repeated  his  assertion  at  the  lecture  referred  to,  that  he  could  teach 
any  farmer  in  a very  short  time  how  to  prepare  the  virus  himself  and 
how  to  inoculate,  and  inasmuch  as  Mr.  Cadwell  had  received  his  in- 
structions personally  and  had,  furthermore,  received  assurance  that  he 
was  competent  to  do  both,  it  was  agreed  that  the  experiment  should 
be  carried  out,  the  virus  xu*epared  by  Mr.  Cadwell  being  used  ux)on  one 
lot,  that  provided  by  the  Bureau  upon  another,  the  third  to  be  left  un- 
inoculated.  And  on  the  28th  of  November  these  inoculations  were  so 
X)erformed. 

In  a letter  x>ublished  in  the  Omaha  Bee,  Dr.  Billings  said : 

The  reason  I would  not  send  virus  from  hero  was  simply  this:  lam  instructing’ 
farmers  how  to  make  their  own,  and  am  succeeding,  and  do  it  safely,  for  if  inocula- 
tion is  ever  to  become  practical  it  must  bo  a simple  and  cheap  method. 

In  other  words  he  asserts  that  the  success  of  inoculation  depends 
upon  farmers  being  able  to  do  it  safely  themselves,  and,  of  course,  if 
they  are  not  successful  in  doing  it  themselves,  then  inoculation  must, 
in  his  opinion,  be  a failure. 

There  has  been  a great  interest  manifested  by  the  swine  growers  of 
all  parts  of  the  country  in  the  results  of  this  experiment,  because  it  has 
been  the  first  test  under  the  direction  of  farmers  that  has  been 
made  with  the  necessary  precautions  to  secure  exact  and  reliable  evi- 
dence on  this  subject.  In  this  case  great  care  was  observed  in  arrang- 
ing the  details  of  the  test,  in  selecting  proper  animals  which  had  not 
been  xweviously  exposed  to  the  disease,  in  locating  the  lots  where  the 
animals  were  to  be  kept,  and  in  avoiding  everything  which  would  have 
a tendency  to  lessen  the  value  of  the  experiment  as  a practical  illus- 
tration of  the  results  which  may  be  exx)ectedto  follow  inoculation  when 
performed  according  to  the  methods  which  have  been  most  highly 
recommended. 

The  following  is  the  report  of  the  committee  having  the  exx)eriment 
in  charge: 

A inoposition  to  test  Dr.  Billings’  alleged  discoveries  in  preventive  inoculation  for  hog 
cholera,  and  the  value  of  inoculation  in  general  for  this  disease. 

Sixty  bogs,  from  four  to  six  montbs  old,  shall  be  purchased  and  divided  into  three 
(3)  lots,  each  hog  to  be  marked  with  a numbered  hog  label  in  the  ear;  Mr.  Cadwell 
to  inoculate  twenty  (20)  of  these  by  his  method;  the  Bureau  of  Animal  Industry  to 
inoculate  twenty  (20)  of  these  by  its  method;  to  be  inoculated  once  bj^  each.  The 
remaining  animals  to  bo  kept  separated  from  the  inoculated  animals,  without  inocu- 
lation. Immediately  after  the  inoculation  the  two  inoculated  lots  shall  bo  turned 
together,  and  they  shall  not  again  be  separated  except  by  consent  of  both  parties  to 
the  experiment.  The  farmers  now  present  will  select  the  farm  upon  which  to  keep 
the  animals,  and  designate  five  (5)  unliiased  farmers  who  shall  have  charge  of  them, 
and  who  shall,  at  the  end  of  the  experiment,  make  a written  statement  as  to  what 
was  done  and  what  were  the  final  results.  Both  parties  shall  be  consulted  as  to  the 
management  of  the  animals,  and  particularly  as  to  any  changes  in  location,  in  feed, 


or  iu  the  care  of  the  animals,  and  the  report  of  the  committee  shall  he  confined  to 
statements  of  facts;  hut  the  committee  of  farmers  shall  have  the  right  to  decide  upon 
any  disputed  points  in  regard  to  these  matters.  One-half  of  the  expenses  for  pur- 
chasing and  keeping  the  hogs  shall  l)e  paid  hy  the  farmers,  and  one-half  shall  he  paid 
by  Dr.  Salmon.  Inoculated  and  check  hogs  shall  he  turned  together  after  thirty 
days,  if  possible  on  a farm  where  cholera  exists. 

The  following  committee  was  appointed: 

Charles  Eaton  (chairman),  Vermillionville,  111. 

A.  E.  Brunson,  No]-thville,  111. 

W.  II.  Watts,  Ottawa,  111. 

Harry  Rockwood  (secretary),  Ottawa,  111. 

M.  C.  Hodgson,  Ottawa,  111. 

The  above  proposition  to  test  the  value  of  inoculation  as  a preventive  of  hog 
cholera  having  been  accepted,  the  farm  of  Charles  L.  Eaton,  at  Deer  Park,  La  Salle 
County,  111.,  was  selected. 

Fifty-five  pigs  were  bonght  in  localities  free  from  hog  cholera,  and  divided  and 
inoculated  as  directed.  The  inoculations  were  made  November  28,  1891.  The  inoc- 
ulated hogs  were  kept  in  a 4-acre  field,  and  the  nninoculated  hogs  in  a field,  the  area 
of  which  is  about  three-fourths  of  an  acre.  One  corner  of  the  field  in  which  the 
nninoculated  hogs  were  kept  was  separated  only  20  feet  from  the  field  in  which  the 
inoculated  hogs  were  confined.  The  water  for  the  hogs  flowed  from  the  end  of  a tile 
draining  an  adjoining  field  in  which  no  hogs  had  been  kept.  This  tile  opened  in  the 
lower  corner  of  the  field  in  which  the  nninoculated  hogs  were  kept,  and  then  passed 
into  an  open  ditch  which  flowed  in  a curve  to  the  lower  end  of  the  field  in  which  the 
inoculated  hogs  were  confined.  The  hogs  were  fed  corn  in  the  ear,  and  also  received 
some  ashes  and  salt.  No  change  of  consequence  was  noticed  during  the  first  nine 
days  after  inoculation. 

December  7 two  hogs  were  showing  symptoms  of  disease,  and  December  10  the 
first  pig  died.  This  death  was  followed  by  others,  until  now  only  nineteen  hogs  re- 
main. The  dates  upon  which  the  hogs  died  are  gi\  en  below,  together  with  the 
method  by  which  they  were  inoculated,  or  with  the  name  check, signifying  that 
they  were  not  inoculated.  The  dates  are  as  follows : 


Died  December  10. 
Died  December  12. 
Died  December  13. 
Died  December  18. 
Died  December  20. 
Died  December  21. 
Died  December  24. 
Died  December  25. 
Died  December  26. 
Died  December  26. 


. 1 hog,  Cadwell. 
.1  hog,  Cadwell. 
2 hogs,  Cadwell. 
-1  hog,  Cadwell. 
.1  hog,  Cadwell. 
..1  hog.  Bureau. 
.1  hog,  Cadwell. 
. 1 hog,  Cadwell. 
.1  hog,  Cadwell. 
...  1 hog,  check. 


December  2D. — At  this  point  in  the  experiment,  the  thirty  days  having  expired,  the 
time  during  which  the  hogs  should  be  separated,  the  checks  and  inoculated  animals 
were  turned  together. 


Died  December  31  . . . 
Died  December  31  . . 
Died  January  1,  1892 

Died  January  2 

Died  January  3 

Died  .January  4 

Died  .Tannary  6 

Died  January  7 

Died  .Tiinuary  8 

Died  January  10  — 


. 1 hog,  Bureau. 
1 hog,  Cadwell. 
. 1 hog.  Bureau. 
.1  hog.  Bureau. 
.1  hog,  Bureau. 
. 2 hogs,  checks. 
. 2 hogs,  checks. 
..  1 hog,  check. 
. . 1 hog,  check. 
1 hog,  Cadwell. 
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Died  January  10 1 liog,  check. 

Died  January  11 1 hog,  check. 

Died  January  12  (missing — supposed  to  he  dead) 1 hog,  Bureau. 

Died  January  13 3 hogs,  checks. 

Died  .January  17 1 hog,  Cadwell. 

Died  January  17 1 hog,  check. 

Died  January  19 2 hogs,  Bureau. 

Died  January  21 1 liog,  clieck. 

Died  January  22 1 hog.  Bureau. 

Died  February  5 1 hog.  Bureau. 


The  condition  of  the  remaining  hogs  is  good,  until  the  exception  of  three  animals, 
and  they  Avill  jirohably  make  a good  recovery. 

Charles  L.  Eaton. 
H.  E.  Eockwood. 

A.  E.  Brunson. 
William  H.  Watts. 
M.  C.  Hodgson. 


It  should  be  noticed  tliat  the  first  hogs  to  sliow  sickness  were  those 
inoculated  by  Mr.  Cadwell,  and  that  tliis  sickness  appeared  in  nine 
days,  or  about  the  usual  time  which  elajtses  between  exi)osure  and  the 
appearance  of  disease.  This  indicates  that  the  disease  was  caused  by 
Cadwell’s  inoculation,  rourteen  more  days  passed,  during  tyhich  G 
Cadwell  hogs  died  before  the  first  one  of  the  Bureau  hogs  died.  This 
indicates  very  clearly  that  the  Bureau  hogs  contracted  the  disease  from 
exiposure  to  the  Cadwell  hogs.  There  are  here  two  facts  plainly  brought 
out,  viz:  (1)  the  Billings  method  of  inoculation  may  cause  an  outbreak 
of  the  disease  it  is  designed  to  prevent;  (2)  the  disease  thus  caused  is 
communicate  d to  other  animals  in  the  same  manner  that  ordinary  out- 
breaks of  the  disease  are  communicated. 

The  uninoculated  hogs  were  turned  with  the  inoculated  ones  on  De- 
cember 29.  The  object  was,  no  doubt,  to  determine  how  many  of  these 
would  die  when  exposed  to  this  outbreak,  and  compare  this  number 
with  that  of  the  inoculated  hogs  which  died.  The  final  result  of  the 
experiment  is  that  14  of  the  19  hogs  not  inoculated  died;  12  of  the  18 
hogs  inoculated  by  the  Billings  method  died,  and  10  of  the  18  hogs  in- 
oculated by  the  Bureau  died.  The  variation  in  the  figures  may  be 
accidental,  or  it  may  shoAv  a slight  degree  of  immunity  conferred  by  the 
inoculation,  particularly  Avith  the  hogs  inoculated  by  the  Bureau,  as  one 
more  of  the  Cadwell  hogs  and  tAVO  checks  were  A-ery  sick,  Avhile  all  of 
those  remaining  in  the  Bureau  lot  are  in  good  health.  Practically,  it 
must  be  admitted,  there  Avas  no  great  difference  in  the  effect  of  the  ex- 
posure on  the  three  bunches  of  hogs. 

In  order  to  explain  the  production  of  the  disease  by  Cadwell’s  inocu- 
lation it  has  been  stated  by  Dr.  Billiugs  and  by  editorials  in  certain 
papers  that  Mr.  Cadwell  had  Avritten  a letter  in  Avhich  he  asserted  that 

after  Dr.  Billings  had  refused  to  supply  him  Avith  Aurus  he  Avas  unable 
to  secure  a hog  suffering  from  a mild  attack  of  cholera.  He  could  only 
get  virus  from  a^  pi^liguant  form  of  fliseasej  so  he  told  the  committee  in 


32 


charge  that  he  was  not  satisfied;  bat  they  told  him  to  go  ahead,  and  he 
did  so,  with  the  fatal  results  stated  in  the  dispatch.”  (Farmers’  Ee- 
view,  December  23,  1891;  also  Nebraska  State  Journal,  December  27, 
1891,  and  January  22  and  29, 1892.)  The  Department  has  investigated 
this  statement,  and  is  satisfied  that  it  is  not  correct. 

When  it  became  apparent  that  Dr.  Billings  was  endeavoring  to  delay 
this  test  and  avoid  responsibility  for  the  resnlts.  Dr.  Schroeder,  who 
represented  the  Bnreaii,  was  imstmcted  not  to  go  on  with  the  experi- 
ment if  Mr.  Cadwell  objected  to  any  of  the  arrangements.  Accordingly, 
before  beginning  the  inocnlations.  Dr.  Schroeder  asked  Mr.  Cadwell  if 
he  was  fnlly  prepared  and  satisfied  to  go  ahead,  and  whether  he  was 
perfectly  satisfied  with  his  virns.  Both  of  these  questions  he  answered 
in  the  affirmative.  The  following  statement,  signed  by  every  member 
of  the  committee,  confirms  this  statement,  and  shows  that  Mr.  Cadwell, 
so  far  from  being  directed  to  nse  the  virns  against  his  wishes,  acted 
strictly  in  accordance  with  his  own  judgment: 

We,  the  coiiimittee  of  farmers  appointed  to  superinteiid  the  experiment  of  inocnlat- 
in^  hogs  at  the  farm  of  Charles  L.  Eaton,  in  Deer  Park  Township,  La  Salle  Comity, 
111,  hy  Dr.  Schroeder,  representing  the  Bnrean  of  Animal  Indnstry  of  the  Depart- 
ment of  Agricnltnre,  at  Washington,  D.  C.,  and  Mr.  George  C.  CadAvell,  representing 
the  so-called  Billings  method  of  inoculation,  do  hereby  state,  in  regard  to  the  report 
that  we  directed  Mr.  Cadwell  to  ])roceed  with  the  inoculation  on  Novemher  28,  1891, 
against  his  judgment,  that  we  did  not  direct  Mr.  Cadwell  to  jiroceed  with  the  inoc- 
ulation on  that  date,  but  that  he  used  his  own  judgment  in  the  matter. 

Dated  at  Ottawa,  this  1st  day  of  Fehrnary,  1892. 

. Charles  L.  Eaton. 

H.  E.  Rockwood. 

A.  E.  Brunson. 

■ M.  C.  Hodgson. 

William  H.  Watts. 

The  fiicts  appear  to  be  that  Mr.  Cadwell  had  three  flasks  of  virus, 
obtained  from  different  sources,  and  he  tried  to  get  the  committee  to 
take  the  responsibility  of  saying  which  flask  should  be  selected.  This 
the  committee  very  properly  declined  to  do,  since  Cad^vell  had  been  in- 
structed by  Dr.  Billings  and  represented  him  in  the  experiment.  As  a 
matter  of  fact,  Cadwell  made  use  of  two  of  his  flasks,  inoculating  half 
of  his  lot  of  hogs  from  one  and  the  remainder  from  the  other.  The 
disease  was  caused  by  the  virus  from  both  sources. 

The  objection  urged  against  this  virus  by  Dr.  Billings  is  that  it  was 
obtained  from  an  outbreak  where  more  than  50  per  cent  of  the  animals 
died.  (Nebraska  State  Journal,  January  29,  1892.)  If  this  is  to  be  the 
criterion  in  selecting  the  virus,  it  is  obvious  that  no  one  can  be  certain 
as  to  whether  or  not  he  is  using  a proper  virus.  The  virus  must  be  ob- 
tained while  the  disease  is  in  progress,  whereas  we  can  only  know  how 
many  die  from  any  given  outlireak  after  the  disease  has  ceased  its 
ravages. 

One  flask  of  the  virus  used  by  Cadwell  was  obtained  from  the  farm 
of  Henry  Eichards,  where  91  jier  cent  of  the  animals  died.  Of  the  hogs 
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inocnlated  witli  tliis  virus  88  per  cent  died.  The  other  flask  rras  obtained 
from  the  flirm  of  Moholas  Shawback.  There  were  in  this  herd  146  hog  s, 
of  which  50  died,  and  1 was  killed  by  Oadwell  to  obtain  virus.  Eighty- 
three  from  this  farm  were  sold  apparently  healthy,  and  12  remained  in 
good  health  at  the  tim  e inquiry  Avas  made,  about  Eebruary  15.  As  a mat- 
ter of  fact,  therefore,  but  34  per  cent  of  this  herd  died.  Of  the  hogs  in- 
oculated Avith  this  virus  4 out  of  9 died,  or  44  per  cent.  That  is,  in  the 
latter  case,  the  virus  Avas  more  fatal  in  the  inoculated  animals  than  in 
the  herd  from  which  it  aa  as  obtained,  aa  hile  in  the  former  case  there  Avas 
practically  no  difference. 

Tlie  first  hog  to  die  Avas  one  inoculated  Avith  the  Kichards  Auriis. 
Two  days  later  1 inoculated  Avith  the  ShaAA’back  virus  died.  The  day 
following  this  1 died  inoculated  Avith  the  Eichards  virus  and  1 Avith  the 
SluiAvback.  There  can,  consequently,  be  no  doubt  that  the  virus  from 
both  places  produced  fatal  resulfs. 

After  these  facts  Avere  given  to  the  press  Mr.  Cad\vell  Avrote  a letter 
of  explanation,  in  which  he  stated : ‘‘1  Avas  satisfied  in  my  OAvn  mind 
that  thewirus  was  not  AAfiiat  I Avanted.  It  did  not  Avork  as  I Avould  like 
to  hav^e  it.’’  Mr.  Eaton,  the  chairman  of  the  committee,  also  stated 
that  ^‘Mr.  CadAvell  did  say  that  he  Avas  not  quite  satisfied  Avith  the  way 
it  (the  virus)  had  worked,  but  nothing  said  about  tlie  kind  of  an  out- 
break.’’ 

It  AA  ould  appear  from  these  statements  that  the  first  objection  raised 
to  the  virus  by  Dr.  Billings  had  not  been  made  by  jVtr.  CadAA^ell.  The 
facts  given  above  show  that  under  any  circumstances  this  objection 
would  not  be  valid,  since  one  of  the  outbreaks  frojii  Avhich  the  virus 
Avas  taken  corresponded  Avith  the  instructions  publicly  issued  from  the 
Nebraska  Experiment  Station.  There  can  be  no  question  that  this 
virus  produced  fatal  results,  as  aa  ell  as  that  from  the  more  severe  out- 
break. 

The  question  noAv  arises,  hoAv  much  consideration  should  be  given  to 
Mr.  OadAA ell’s  statement  that  the  virus  ‘‘did  not  Avork  as  he  Avouhl  like 
to  have  it  ?”  By  this  he  undoubtedly  meant  that  tlie  appearance  of 
the  beef  broth  after  the  germs  had  multiiflied  in  it  aa  as  not  exactly 
what  he  thought  it  should  be.  But  Avhy  should  he  object  to  a cnltnre 
because  of  its  aiipearance?  Nothing  is  said  by  Dr.  Billings,  in  his  in- 
structions to  farmers  on  inoculation,  as  to  the  rejection  of  cultures  on 
account  of  their  apiiearance.  The  essentials  are  there  said  to  be  that 
the  virus  shall  be  obtained  from  an  outlireak  of  disease  in  which  less 
than  50  per  cent  of  the  animals  die,  and  from  an  animal  in  the  first 
stages  of  tlie  disease.  He  has  exjAressly  stated  that  such  cultures  are 
not  expected  to  be  imre,  but  that  this  makes  no  practical  dilference. 
This  being  the  case,  the  appearance  of  the  culture  must  necessarily  vary 
according  as  it  is  contaminated  aa  ith  one  or  another  of  the  atmospheric 
germs.  Every  one  Avho  has  studied  theiiuestion  from  a bacteriological 
standpoint  knoAvs  that  pure  cultures  of  the  germs  of  hog  cholera  Avill 
^4162— No.8 3 
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also  differ  in  appearance  when  obtained  from  different  outbreaks.  This 
objection  to  the  virus  consequently  has  no  bearing  upon  the  results  of 
the  experiment,  l^o  one  can  tell  from  the  appearance  of  a culture  what 
its  effects  will  be  when  hogs  are  inoculated  with  it. 

The  truth  is,  the  advocates  of  inoculation  were  opposed  to  making  a 
puldic  and  carefully  guarded  test.  They  could  not  decline  the  proi^o- 
sition  to  make  such  a test,  however,  because  it  was  exactly  what  the 
people  of  that  section  unanimously  demanded.  They  did  delay  the  ex- 
periment on  one  pretext  or  another  as  long  as  possible.  The  date  of 
inoculation  was  twice  postponed,  and  even  then  there  was  this  pretense 
of  something  being  wrong  with  the  virus,  although  the  directions  for 
preparing  it  had  been  scrupulously  followed.  It  may  be  safely  said 
that  more  care  was  exercised  in  selecting  this  virus  than  is  usually 
given  to  the  selection  of  virus  for  farmers^  use.  Three  weeks’  time  in 
a section  of  the  country  where  the  disease  is  thoroughl}^  disseminated 
surely  should  be  sufficient  to  obtain  material  for  inoculation,  if  the 
method  is  a pra(‘tical  one. 

As  an  illustration  of  the  difficulty  of  obtaining  i)roper  virus  by  this 
method,  and  of  the  dangers  attending  inoculation,  it  may  be  added 
that  according  to  Dr.  Schroeder’s  reports  Mr.  Cadwell  inoculated  4 
hogs  by  the  Billings  method  previous  to  the  beginning  of  the  test  ex- 
periment. Of  these  2 died.  Shortly  after  the  exiierimental  hogs  were 
inoculated,  Cadwell  inoculated  5 hogs  by  the  Billings  method.  Of  these 
3 died.  He  also  inoculated  14  hogs  and  pigs  by  the  same  method  on 
the  farm  of  Janies  Mitchell,  near  Utica,  HI.  Ko  trouble  Avas  noticed 
among  these  until  four  or  five  Aveeks  after  inoculation,  AA'lien  the  disease 
broke  out,  and  10  animals,  or  71  tier  cent,  died. 

It  may  also  be  stated  in  this  connection  that  early  in  October,  1891, 
Mr.  James  Eichey,  of  Tonica,  La  Salle  County,  111.,  obtained  virus  from 
the  Chicago  establishment  organized  by  Dr.  Billings,  and  at  that  time 
conducted  by  his  former  associate.  Mr.  Eichey  at  once  inoculated  his 
herd  of  90  animals,  vrhich  Avere,  in  the  words  of  the  owner,  a first-class 
lot  of  young,  healthy  hogs.  ” Nine  days  after  the  inoculation  they  com- 
menced to  die,  and  at  the  time  of  Dr.  Schroeder’s  visit  but  2 remained 
alive.  The  loss  in  this  case  Aras  over  97  per  cent. 

This  Avas  the  experience  with  the  Billings  method  of  inoculation  in 
La  Salle  County,  111.,  while  Dr.  Schroeder  aa^us  stationed  in  that  locality. 

FAILURE  OF  INOCULATION  IN  NEBRASKA  DURING  1891. 

Under  date  of  January  6,  1892,  Dr.  Billings  addressed  a letter  to  the 
Omaha  Bee,  in  which  he  endeavored  to  explain  the  communication  of 
disease  by  the  inoculations  made  in  accordance  Avith  his  method  at 
OttaAva,  111.  The  folloAving  extract  from  his  letter  is  of  interest  in  this 
connection: 

I liave  inoculated  some  50,000  hogs,  and  never  in  a single  instance  that  I know  of 
has  such  an  accident  occai’red  through  inoculated  hogs  as  at  OttaAva,  and  there  have 
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been  very  few  cases  in  wliicli  inoculation  has  not  protected.  True,  I failed  coni- 
j>letely  in  protecting  hogs  that  were  fed  on  glucose  refuse,  hut  that  was  due  to  the 
glucose  and  not  the  inoculation.  Hogs  fed  on  distillery  slo])s  can  he  ])rotected  hy 
inoculation.  Every  one  Avho  is  acquainted  with  the  true  facts  knows  that  those  herds 
reported  as  killed  at  Surprise,  Nehr.,  in  1888,  were  all  diseased  at  the  time  they  were 
inoculated.  This  year  over  3,000  have  been  inoculated  in  Nel)raska,  and  to-day  I 
sent  out  virus  for  1,900  more,  hut  with  some  regrets,  as  T fear  for  its  injury  and  the 
possibility  of  its  being  frozen.  Of  the  3,000  I do  not  know  of  one  being  injured  by 
inoculation,  yet  one  such  case  in  sucking  ]ngs  is  reported,  and  one  failure  in  the 
same  herd;  the  pigs  I doubt,  as  five  other  lots  of  pigs  were  inoculated  at  the  same 
time  with  the  same  virus,  and  they  all  lived;  the  failure  I know  the  cause  of,  and 
have  learned  to  avoid  it  in  the  future. 

Ill  spite  of  this  very  positive  statement,  tlie  Department  is  in  receipt 
of  information  from  three  difterent  correspondents  of  undoubted  re- 
liability to  the  effect  that  on  the  12th  of  August,  1891,  48  head  of 
SAvine  Avere  inoculated  on  the  State  farm  under  the  direction  of  Dr. 
Billings,  and  tour  of  the  herd  Avere  not  inoculated.  August  30,  4 pigs 
were  dead,  and  2 others  A^ery  sick  Avere  taken  to  the  laboratory  for 
examination.  Within  thirty  days  after  inocuhition  20  died,  and  before 
the  outbreak  set  up  by  the  inoculation  ceased  its  ra\aiges  41  of  the  52 
hogs  on  the  farm  died.  These  facts  AA^ere  certainly  knoAvn  to  Dr.  Bil- 
lings at  the  time  the  letter  quoted  from  aboA^e  was  aa  ritten. 

With  Western  Kesources  for  Feliruary  10,  1892,  Avas  included  a sup- 
plement giving  a statement  by  Dr.  Billings  of  the  inoculations  made  in 
Nebraska  from  August  18,  1891,  to  January  1,  1892.  Why  the  inocu- 
lation on  the  State  farm  of  August  12  was  not  included  was  not 
stated.  In  this  statement  were  given  more  or  less  complete  returns 
from  forty-four  herds  inoculated.  These  herds  contained  2,952  animals. 
Among  these  herds — in  a column  headed  Died  from  cholera  after 
thirty  days  after  inoculation  ” — there  is  one  of  50  Avhich  lost  2j  one  of 
1G3  AAdiich  lost  2;  one  of  73  which  lost  30;  one  of  89  Ayhich  lost  40. 
These  commenced  to  die  three  Aveeks  after  inoculation.  Another  herd 
of  31  lost  2;  a herd  of  279  lost  38;  a herd  of  108  lost  77 ; a herd  of  24 
lost  7 ; making  in  these  herds  a loss  of  198.  In  addition  to  this  there 
were  eight  herds  in  which  losses  occurred  Avliere  it  is  stated  that  the 
herds  were  infected  before  inoculation.  The  evidence  of  their  infec- 
tion before  the  oi)eration  Avas  x)erformed  is  not  giA^en  except  in  one 
case.  With  regard  to  this  it  is  stated  that  only  those  were  lost  which 
Avere  sick  at  the  time.  In  regard  to  one  of  the  herds  it  is  stated:  ^^I 
inoculated  soaa^s  and  at  the  saihe  time.  The  pigs  died;  all  the 
old  liogs  lived.” 

In  another  case  it  is  stated:  ^^Sick  at  the  time  of  inoculation,  and 
lost  60  shotes,  but  none  of  the  old  ones.”  In  regard  to  another  herd: 
‘‘  Hogs  sick  at  thetimeof  inoculation.  Lost  15  head.”  In  another  case : 
“ Sick  at  the  time  of  inoculation.  My  loss  has  been  less  than  any  of  my 
neighbors.”  In  another  case:  ‘‘No  fair  test.  My  hogs  were  sick  Avhen 
inoculated.”  In  still  another  case : ‘‘  Sick  at  time  of  inoculation ; visibly 
so ; 13  not  sick ; these  13  never  got  sick.” 


These  explanations  are  given  so  that  the  reader  can  judge  for  him- 
self as  to  whether  in  any  of  these  cases  the  disease  was  caused  by  the 
inocnlation. 

The  Department  has  received  the  following  statements  from  parties 
who  had  hogs  inoculated  in  Nebraska  during  the  period  under  consid- 
eration : 

W.  Itotton,  Unadilla,  Nebr. : 

I Lad  51  hogs  inoculated.  I have  not  lost  any  with  cholera.  I have  not  much 
faith  in  it,  as  I sold  8 shotes  to  a neighhor  that  had  cholera  some  time  before,  and  he 
lost  2 with  the  disease.  They  all  took  it,  but  all  the  others  got  over  it,  and  are 
doing  well. 

Henry  A.  Dan,  Boelus,  Xebr. : 

I do  not  think  inocnlation  is  a preventive.  I inoculated  on  the  1st  day  of  Novem- 
ber 49  hogs,  and  from  that  time  on  my  hogs  have  not  done  well,  and  the  latter  i)art  of 
January  the  cholera  broke  out  in  my  herd,  and  I have  lost  10  nj)  to  this  date,  April  13. 
They  have  all  been  sick,  and  the  X)igs  that  were  born  came  dead,  or  if  alive  tliey  did 
not  live  twenty-four  hours. 

D.  E.  Pabablade,  Axtell,  Nebr, : 

1 had  72  hogs  inoculated.  Out  of  the  72  I sold  the  old  ones,  and  out  of  the  55 
young  ones  remaining,  1 lost  about  17.  None  of  them  died  from  the  inoculation,  and 
they  did  very  well  l)efore  they  became  sick. 

S.  M.  Ueyer,  Seward,  Nebr. : 

I inoculated  30  head  in  1891  with  virus  prej^ared  by  Dr.  Billings.  It  failed  to  pro- 
duce any  effect  at  all.  I have  not  lost  any  since.  As  to  my  opinion  of  inoculation, 
I think  it  is  more  apt  to  sx)read  the  disease  than  to  i)revent  it. 

Hugb  McLaugbliii,  Lincoln,  ISTebr. : 

I inoculated  about  50  hogs  last  fall,  of  which  20  died  after  inoculation.  The  others 
lived,  and  did  well.  They  were  all  together  at  the  time.  1 have  not  seen  any  sick 
since. 

W.  0.  Dietericlis,  Eockville,  Nebr: 

I had  about  40  head  of  shotes  inoculated  last  fall  with  virus  and  instruments  cent 
to  me  by  Dr.  Billings,  of  Lincoln,  this  State.  Two  little  pigs  died  soon  after  being 
inoculated.  Do  not  knoAV  if  inoculation  was  the  cause.  None  died  of  the  cholera 
excej>t  one,  and  that  one  got  amongst  a neighbor’s  hogs  and  staid  several  days 
amongst  them.  These  hogs  of  my  neighbor’s  ha<l  the  cholera  very  bad  at  the  time, 
although  they  had  been  inoculated  on  the  same  day  mine  were.  My  hogs  <lid  not 
thrive  well  after  being  inoculated,  and  always  looked  rough  and  not  thrifty,  although 
they  had  xjlenty  to  eat  and  were  running  at  large.  I do  not  think  now  that  inocula- 
tion is  a preventive  for  hog  clndera.  Perhaps  the  virus  has  something  to  do  with  it. 
My  neighbor  and  I inoculated  the  same  day.  The  virus  I used  was  in  another  bottle 
than  his.  lie  lost  5 or  6 hogs,  and  1 lost  1,  but  could  not  x)ositively  say  it  died  of 
choleia  as  it  died  at  the  neighbor’s.  I do  not  think  I shall  want  to  inoculate  again 
for  a while. 

A.  B.  Wrigbt,  Diller,  ^^^ebr. : 

I inoculated  75  head  of  swine  last  fall,  of  different  ages.  The  large  hogs  were 
damaged.  Some  of  them  lost  in  weight  nearly  100  ])ounds.  The  shotes  from  six  to 
eight  months  old  I could  see  no  dilbu’cnce  in.  I inoculated  19  sucking  i)ig8,  every 
one  of  which  died.  There  has  been  no  cholera  in  the  mughborhood  since  I inoculated. 
My  opinion  is  that  inoculation  is  of  little  or  no  beneht. 
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John  Campbell,  Nebraska  City,  Nebr.: 

On  September  18, 1891, 1 inoculated  63  sliotes  about  five  months’  old,  and  22  old 
hogs,  with  virus  received  from  Prof.  Billings,  of  Lincoln,  Nebr.  In  about  ten  or 
twelve  days  I lost  1 shote,  and  a good  many  of  the  sliotes  were  sick.  In  about  three 
or  four  weeks  I had  lost  59  of  the  sliotes,  leaving  me  4.  The  sliotes  and  idd  hogs  had 
been  in  separate  lots,  not  adjoining,  but  after  inoculating,  which  was  all  done  at  the 
same  time,  I moved  all  the  old  hogs  farther  away  from  the  others,  with  the  exception 
of  1 lame  one,  and  it  died  in  about  30  days  after  inoculation,  but  the  other  old  hogs 
have  never  had  the  cholera.  I have  not  much  faith  in  inoculation. 

If  Aye  deduct  from  the  total  number  inoculated,  as  given  by  Dr. 
Billings’s  statement  (2,952),  the  number  contained  in  the  herds  that  Avere 
said  to  be  diseased  Avhen  inoculated  (394),  Ave  have  remaining  2,558  as 
the  number  inoculated  Avhich  had  not  previously  been  exposed.  Among 
these  it  is  admitted  that  the  loss  from  inoculation  and  exposure 
amounted  to  198,  or  7f  per  cent.  This  is  nearly  tAvice  the  aA  erage  loss 
from  all  diseases  of  SAvine  in  the  State  of  Nebraska  for  the  year  1891, 
Avdiich  is  given  as  4 per  cent  by  the  statistical  division  of  his  De])art- 
ment.  If  aa  e correct  this  statement  and  make  it  accord  Avith  the  letters 
received  by  the  Department  from  the  OAvners  of  the  inoculated  herds, 
Avhich  letters  are  given  in  this  bulletin  Ave  must  add  the  herd  of  John 
Campbell,  Avhich  evidently  Axas  not  infected  before  inoculation,  but 
Avhich  plainly  contracted  the  disease  from  the  operation.  We  should 
also  add  to  the  losses  the  2 belonging  to  W.  Rotton,  Ayhich  died  from 
exposure  to  cholera,  the  10  belonging  to  Henry  Dan,  Avhich  probably 
contracted  the  disease  from  the  inoculation,  and  the  3 belonging  to  W. 
E.  Dieterichs.  This  aa  ould  give  a total  of  2,643  healthy  hogs  inoculated 
and  a loss  of  273,  or  more  than  10  per  cent.  This  loss  is  tAyo  and  a half 
times  the  average  loss  of  the  State  for  the  year  from  all  diseases. 

There  are  a considerable  number  of  oAyners  of  inoculated  herds  in 
the  list  from  Ayhoni  the  Department  has  received  no  rei)lies,  and  it  is 
therefore  probable  that  full  returns  AA  Ould  considerably  increase  the 
percentage  of  loss  as  given  aboA^e.  It  Ayill  also  be  noticed  that  no 
account  has  been  made  of  the  48  head  inoculated  on  the  State  farm,  of 
AA  hich  79  per  cent  died  from  the  inoculation.  If  inoculation  on  the  State 
farm,  Avhere  all  the  conditions  can  be  controlled  and  Av^here  the  hogs 
are  under  the  personal  supervision  of  the  operator,  is  folloAyed  by  such 
disastrous  results,  it  certainly  can  not  be  safe  on  farms  throughout  the 
country  Avhere  such  advantages  are  impossible. 


THE  FINANCIAL  ASPECT  OF  INOCULATION. 

It  is  very  apparent,  from  the  facts  presented  in  this  bulleto,  that  in- 
oculation is  a very  dangerous  operation,  and  that  the  protection  from 
it  is,  at  best,  uncertain,  and  in  many  cases  entirely  AA^anting.  With 
these  incontestable  conclusions  in  mind,  Ave  Ayill  give  some  figures  on 
the  losses  from  SAyine  diseases  and  the  cost  of  inoculation.  Tavo  years 
ago  the  following  statement  Ayas  made: 
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According  to  tlie  estimates  of  the  statistical  division  there  are  ahont 
50,300^000  hogs  in  the  United  States.  The  inoculation  of  these  at  50 
cents  per  h^ad  would  cost  $25,150,000.  The  total  loss  from  disease  dur- 
ing the  year  1888  was  3,105,000  hogs,  at  an  average  value  of  $5.79  each. 
This  would  make  the  total  loss  of  swine  from  all  diseases  $17,980,000. 

In  order  to  estimate  the  ioss  from  hog  cholera  we  must  deduct  from 
this  sum  the  losses  from  ordinary  diseases,  such  as  animal  parasites? 
exposure,  overcrowding,  and  improper  feeding,  which  are  always  acting 
and  do  not  produce  epizootic  diseases.  These  losses  were  estimated  by 
the  statistician  of  the  Ilepartment  in  1880  to  be  about  4 per  cent  of  the 
total  number  of  hogs,  but  as  this  may  be  considered  rather  a large 
estimate  we  will,  in  our  calculation,  take  3 per  cent  as  the  average  loss 
from  such  causes.  This  would  amount  in  1888  to  1,509,000  animals, 
valued  at  $8,737,000,  and  deducting  this  from  the  total  loss  of  swine 
Ave  have  remaining  $9,243,000  as  the  losses  from  epizootic  swine  diseases. 
In  the  present  condition  of  our  knowledge  we  must  admit  that  there 
are  at  least  two  entirely  distinct  epizootic  diseases  of  hogs,  which  have 
been  referred  to  in  tlie  reports  of  this  Bureau  as  hog  cholera  and  swine 
plague.  The  exact  proportion  of  the  loss  caused  by  each  of  these 
diseases  is  at  present  unknoAvn,  but  if  we  admit  for  the  puri)oses  of 
this  calculation  that  but  one-third  of  the  loss  is  caused  by  swine  plague 
we  have  remaining  a loss  of  but  $0,163,000  for  the  year  1888,  which  can 
be  attributed  to  hog  cholera.  To  prevent  this  disease  by  inoculation, 
as  we  have  just  seen,  requires  the  expenditure  in  cash  of  $25,150,000, 
or  more  than  four  times  the  amount  of  the  actual  losses.  In  addition  to 
this  expenditure  there  should  be  counted  the  time  required  of  the  farmer 
in  handling  the  hogs  at  the  time  of  the  operation  and  in  giving  them 
such  precautiojiary  care  and  in  practicing  such  disinfection  as  is  re- 
quired to  make  this  operation  at  all  successful. 

We  should  reach  the  same  conclusion  if,  instead  of  estimating  the 
loss  and  expense  for  the  whole  of  the  United  States,  we  should  take  a 
single  hog-raising  State,  as  for  example,  the  State  of  llliuois.  Accord- 
ing to  the  statistician’s  estimate  there  are  5,275,000  hogs  in  Illinois,  and 
to  protect  these  by  inoculation  would  cost  $2,037,000.  In  the  year  1888 
the  total  losses  of  hogs  in  that  State  from  all  diseases  was  about  310,500, 
Avith  an  aA  erage  a alue  of  $7.45  each,  Avhich  Avould  make  the  loss  for  that 
year  $2,359,925.  lleduct  a loss  of  3 per  cent  of  all  the  hogs  in  the  State 
as  caused  by  ordinary  diseases,  and  Ave  tind  that  this  Avould  amount  to 
158,250  hogs,  worth  $1,178,962.  Deducting  the  losses  caused  by  ordi- 
nary diseases  from  the  total  losses  from  all  diseases  and  Ave  have 
$1,180,903  left  to  re])resent  the  loss  from  both  hog  cholera  and  SAviiie 
l)lague.  Take  from  this  one-third,  to  represent  the  loss  from  swine 
])lague,  and  aa  e liaA'e  remaining,  as  the  loss  from  hog  cholera,  about  the 
sum  of  $800,000.  To  i)reAxmt  this  loss  by  inoculation,  as  Ave  Inn  e seen, 
would  require  $2,037,000,  or  more  than  three  times  the  sum  to  be  saA  ed. 

In  the  above  calculations  we  were  considering  inoculation  when  prac- 
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ticed  as  a private  enterprise,  with  a charge  of  50  cents  per  head  for  the 
operation.  It  has  since  been  proposed  that  the  virus  and  instruments 
should  be  supplied  by  the  State  experiment  stations  and  that  the  farm- 
ers should  perform  the  operation  themselves.  This  would  no  doubt  re- 
duce the  cost  of  inoculation  to  25  cents  a head  for  the  time  and  trouble 
involved  in  the  operation,  the  expressageon  the  instruments  and  virus, 
and  the  precautions  necessary  to  prevent  the  spread  of  the  disease  to 
other  herds.  To  this  we  must  now  add  the  loss  following  the  operation 
when  performed  on  healthy  lierds.  This  we  have  just  seen  has  been 
with  2,613  animals  inoculat(‘d  the  last  year,  and  with  every  precaution 
that  could  be  adcrpted,  over  10  per  cent.  If  the  hogs  average  |5  x)er 
head  in  value  this  would  be  an  additional  expense  of  50  cents  per  head 
for  each  inoculated  animal. 

Some  herds  during  the  past  year  were  badly  stunted.  In  some  cases 
animals  not  only  stopped  growing,  but  they  lost  50  or  100  pounds  in 
weight.  Such  losses  are  very  serious  and  amount  to  much  more  than 
the  cost  of  the  operation,  or  even  the  value  of  the  animals  which  die 
from  it.  The  hog  crop  is  practically  an  annual  crop.  In  many  cases 
hogs  are  sold  at  six  to  eight  months  of  age.  IS'ow,  it  is  very  jdain 
that  to  subject  animals  marketed  at  this  age  to  an  oi3eration  which  stops 
the  growth  of  all,  or  of  a considerable  proportion  of  them,  for  one  or  two 
months  is  to  deprive  the  farmer  of  all  (chance  of  pro  tit  from  this  industry. 
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FARMERS’  BULLETINS. 

The  bulletins  of  this  series  may  be  obtained  by  applying  to  the  Sec- 
retary of  Agriculture,  Washington,  D.  C.  The  following  have  been 
previously  issued : 

Farmers’  Bulletin  No.  1.  The  What  and  Why  of  Agricultural  Experiment  Sta- 
tions. (A  brief  explanation  of  the  oh'ject,  origin,  and  development  of  the  stations, 
their  work  in  Europe  and  in  the  United  States,  and  the  operations  of  the  Office  of 
Experiment  Stations  of  the  Department  of  Agricnlture.)  Prepared  by  the  Oflice  of 
Experiment  Stations ; pp.  16.  Issued  Jnne,  1889. 

Farmers’ Bulletin  No.  2.  The  Work  of  the  Agricnltnral  Experiment  Stations; 
(Illustrations  of  Station  Work  in  the  following  lines:  better  cows  for  the  dairy; 
tibrin  in  milk;  bacteria  in  milk,  cream,  and  1) utter;  silos  and  silage;  alfalfa;  and 
field  experiments  with  fertilizers.)  Prepared  by  the  Office  of  Experiment  Stations; 
pp.  16.  Issued  June,  1889. 

Farmers’  Bulletin  No.  3.  The  Culture  of  the  Sugar  Beet.  (Treats  of  the  climatic 
conditions,  soil,  fertilizers,  and  cultivation  required  by  the  sugar  beet,  cost  of  grow- 
ing, time  to  harvest,  and  method  of  soiling;  describes  briefly  the  process  of  beet- 
sngar  mannfactnre,  and  gives  statistics  of  sugar  production  and  consumption.)  By 
H.  W.  Wiley,  chemist  of  the  Department  of  Agriculture;  pp.  24.  Issued  March,  1891. 

Farmers’  Bulletin  No.  4.  Fungous  Diseases  of  the  Grape  and  their  Trcatineut. 
(Describes  downy  mildew,  powdery  mildew,  black  rot,  and  anthracnose  of  gra})e8, 
and  gives  instructions  for  their  treatment  and  estimated  cost  of  remedies.)  By  B.  T. 
Galloway,  Chief  of  the  Division  of  Vegetable  Pathology ; pp.  12.  Issued  March,  1891. 

Farmers’  Bulle’tin  No.  5.  Treatment  of  Smnts  of  Oats  and  Wheat.  (Describes  the 
sinnts  of  wheat,  oats,  and  barley,  the  damage  they  cause,  and  the  various  methods. of 
treatment  which  have  been  found  nseful  for  their  prevention.)  Prepared  by  the  Divi- 
sion of  Vegetable  Pathology;  pp.  8.  Issued  February,  1892. 

Farmers’  Bulletin  No.  6.  Tobacco:  Instructions  for  its  cultivation  and  curing. 
Prepared  by  John  M.  Estes,  special  agent;  pp.  8.  Issued  February,  1892. 

Farmers’  Bulletin  No.  7.  Spraying  Fruits  for  Insect  Pests  and  Fungous  Diseases, 
with  a Special  Consideration  of  the  Subject  in  its  Relation  to  the  Public  Health. 
Prepared  by  the  Divisions  of  Entomology  and  Vegetable  Pathology;  pp.  20.  Issued 
April,  1892, 
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TJ.  S.  Department  of  Agriculture, 
Office  of  Experiment  Stations, 
Was1iin(jtoti^  1).  (7.,  June  15 ^ 1892. 

Sir  : A popular  summary  of  Prof.  H.  W.  Oomf  s review  of  the  inves- 
tigations on  the  fermentations  of  milk,  which  was  originally  issued  as 
Experiment  Station  Bulletin  'No.  9 of  this  Office,  is  herewith  trans- 
mitted for  publication  as  a Farmers’  Bulletin.  The  practical  impor- 
tance of  the  results  of  recent  bacteriological  investigations  of  milk  and 
its  products  to  an  intelligent  practice  of  imiiroved  methods  of  dairying, 
calls  for  the  wide  distribution  of  a condensed  statement  of  the  outcome 
of  these  researches  among  dairymen  and  farmers. 

Kespectfully, 

A.  W.  Harris, 

Director. 

Hon.  J.  M.  Busk, 

Secretary  of  Agriculture, 
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MILK  FERMENTATIONS  AND  THEIR  RELATIONS  TO  DAIRYING. 


In  the  following  pages  the  word  fermentation  will  be  used  in  its 
broadest  sense.  It  will  include  not  only  the  fermentations  produced 
by  yeast  and  rennet,  but  also  all  of  the  numerous  destructive  changes 
to  which  milk  is  subject,  and  will  cover,  therefore,  all  of  the  changes 
which  occur  in  milk,  such  as  curdling,  souring,  and  putrefaction. 

COMPOSITION  OF  MILK. 

It  will  be  necessary  at  the  outset  to  notice  briefly  the  chemical  com- 
position of  milk,  since  upon  this  are  based  all  of  its  fermentative 
changes.  While  the  composition  of  sami)les  of  milk  obtained  from 
diflereut  cows  and  produced  under  diflerent  conditions  may  show  wide 
variation,  a fair  average  composition  may  be  given  as  follows:  Water, 
87  percent,  and  solids,  13  tier  cent.  The  solids  include  fat,  3.6;  casein, 
3.3;  albumen,  0.7;  milk  sugar,  4.7,  and  ash,  0.7  per  cent.  The  casein 
and  albumen  are  the  materials  containing  nitrogen  and  are  of  special 
importance  in  cheese-making.  In  general  the  ash,  sugar,  and  albumen 
are  in  solution,  the  casein  in  partial  solution,  and  the  fat  in  suspen- 
sion, being  mixed  with  the  milk,  but  not  dissolved  in  it.  Milk  when 
freshly  drawn  from  the  cow  is  a thin  liquid,  but  after  standing  for  a 
short  time  becomes  slightly  viscous  or  ropy  through  the  formation  in 
it  of  a small  amount  of  fibrin. 

Milk  fat  consists  of  a mixture  of  several  fats.  As  its  composition 
begins  to  undergo  changes  almost  immediately  after  the  milk  is  drawn, 
its  exact  condition  at  any  moment  is  very  uncertain.  It  is  distributed 
throughout  the  milk  in  the  form  of  minute  globules  varying  in  size. 
The  belief  that  there  is  an  albuminous  membrane  around  the  globules 
which  keeps  them  from  combining  readily  has  been  abandoned.  The 
whiteness  of  milk  has  usually  been  attributed  to  the  presence  of  these 
globules  of  fat,  but  is  probably  due  in  part  to  the  phosphate  of  lime 
which  milk  contains. 

In  regard  to  the  nature  of  the  casein  of  milk  there  has  been  much 
discussion.  In  the  first  place,  it  seems  certain  that  casein  does  not 
exist  in  milk  in  a state  of  complete  solution,  but  rather  in  the  form  of 
finely  divided  particles.  Probably  some  of  it  is  in  actual  solution, 
while  the  greater  part  is  in  a state  of  susi)ension.  When  milk  is  fil- 
tered through  porcelain  a clear  liquid  called  milk  serum  passes 
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through  the  filter,  the  casein  and  fat  being  left  behind.  In  this  serum 
there  is  a certain  amount  of  albumen  and  usually  part  of  the  casein 
also,  which  has  been  in  solution  in  the  milk ; but  the  fact  that  most  of 
the  casein  does  not  pass  the  filter  shows  that  it  is  not  in  a state  of  com- 
plete solution.  The  relation  of  the  soluble  and  insoluble  portions  of  the 
casein  is  a matter  of  much  importance  in  the  study  of  milk  fermenta- 
tions. The  coagulation  of  the  casein,  or  curdling,  as  the  process  is 
commonly  called,  is  readily  effected  by  rennet  and  also  by  various 
chemicals,  among  which  are  lead  acetate,  sulphate  of  copper,  alum, 
corrosive  sublimate,  tannic  acid,  sulphate  of  magnesium,  and  the  min- 
eral acids,  but  is  not  effected  by  boiling. 

The  alhu7nen  of  milk  is  in  complete  solution  and  seems  to  differ  only 
slightly  from  the  serum  albumen  of  the  blood.  Considering  the  inti- 
mate relation  which  the  milk  while  in  the  mammary  gland  must  have 
with  the  blood,  or  rather  with  the  lymph,  i.  e.,  the  blood  deprived  of  its 
red  corpuscles,  it  is  not  surprising  to  find  one  of  the  constituents  of 
milk  so  similar  to  this  albumen  of  the  blood.  We  may. probably  look 
upon  it  as  derived  dffectly  from  the  albumen  of  the  lymph.  The  pres- 
ence of  this  serum  albumen  is  perhaps  an  important  factor  in  explain- 
ing the  changes  which  take  place  in  milk  ui)on  standing. 

Milk  sugar  exists  in  milk  in  a state  of  complete  solution.  It  may  be 
obtained  by  evaporating  and  crystallizing  whey. 

The  ash  of  milk  contains  potash,  soda,  lime,  iron,  and  magnesia,  in 
combination  with  muriatic,  phosphoric,  and  sulphuric  acids,  and  other 
constituents.  These  are  all  in  solution  except,  perhaps,  some  of  the 
lime  compounds. 

Besides  the  above-mentioned  constituents,  minute  quantities  of  sev- 
eral other  compounds  are  found  in  milk,  but  these  have  not  yet  entered 
into  the  study  of  milk  fermentations  and  at  jiresent  may  be  neglected. 
Milk  is  a very  complex  body,  and  a comiilete  study  of  its  fermentations 
would,  of  course,  take  into  consideration  all  of  its  constituents.  At 
present,  however,  our  knowledge  is  confined  to  the  study  of  the  fer- 
mentations as  affecting  milk  sugar  and  the  casein,  albumen,  and  fat 
of  milk. 

CAUSES  OF  FERMENTATION. 

The  organisms  and  substances  concerned  in  the  fermentation  of  milk 
may  be  divided  into  two  distinct  classes,  nanielj^,  organized  and  un- 
organized ferments.  The  former  include  the  minute  living  organisms 
(microorganisms),  such  as  bacteria,  yeasts,  etc.,  which  by  their  growth 
cause  changes  or  fermentation. 

The  unorganized  or  chemical  ferments,  on  the  other  hand,  are  sub- 
stances devoid  of  life  which  are  capable  of  causing  certain  chemical 
changes  in  other  substances  without  themselves  being  changed.  Kennet 
and  pepsin  are  familiar  examples  of  unorganized  ferments. 

Bacteria  proper,  which  have  most  to  do  with  milk  and  cream,  are 
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fouTid  in  immense  numbers  everywhere,  and  play  an  important  part  in 
nature.  They  are  all  extremely  minute.  In  shape  they  show  three 
chief  varieties,  which  may  be  compared,  respectively,  to  a lead  pencil 
{bacillus),  a ball  {coccus),  and  a corkscrew  {spirillum).  With  the  highest 
l)owers  of  the  microscope  they  appear  as  scarcely  more  than  simj)le  dots 
and  lines.  They  are  to  be  classed  with  plants  rather  than  animals,  in 
si)ite  of  the  fact  that  many  of  them  are  endowed  with  motion. 

The  isolation  and  cultivation  of  a single  kind  of  bacteria  is  a matter 
requiring  the  greatest  care.  Although  imperfectly  studied  as  yet,  many 
different  forms  are  known  which  are  distinguished  by  their  habits  of 
growth,  the  substances  in  which  they  thrive,  and  the  changes  which 
they  produce  in  various  substances  as  a result  of  their  growth.  Bacteria 
are  cultivated  in  beef  broth,  gelatin,  and  other  substances  which, 
when  used  for  these  purposes,  are  called  cultures.  What  is  known  as 
2ipure  culture  contains  only  one  kind  of  bacteria. 

Yeasts  are  also  plants  of  a low  order,  which  grow  very  rapidly  in 
certain  substances  and  thus  cause  changes  which  are  commonly  called 
fermentations.  The  most  common  kind  of  yeast  is  that  used  in  making 
beer  and  raising  bread. 

FERMENTATION  OF  MILK  BY  RENNET. 

Eennet  is  a preparation  usually  made  from  the  stomach  of  a calf, 
and  has  the  power  of  coagulating  the  casein  of  milk  in  a very  short  time. 
This  curdling  of  milk  by  rennet  is  the  only  form  of  fermentation  of 
milk  known  which  is  produced  by  an  unorganized  ferment. 

Many  investigations  have  been  made  to  determine  how  rennet  acts 
on  milk  and  causes  it  to  curdle.  The  results  are  certainly  not  yet  very 
conclusive  nor  very  satisfactory,  but  the  following  general  summary 
may  serve  to  bring  together  the  conclusions  which  are  to  be  drawn  from 
the  facts  thus  far  observed.  Casein  appears  to  be  kept  in  partial  solu- 
tion by  the  alkaline  condition  of  the  milk,  for  it  is  easily  separated  from 
the  solution  by  the  presence  of  a small  quantity  of  acid;  but  when 
thus  separated  it  seems  to  be  simply  thrown  from  its  solution  without 
being  altered  in  its  nature,  while  the  active  principle  of  rennet  has  a 
very  different  effect  upon  it.  Under  the  action  of  rennet  the  casein  is 
chemically  changed.  It  is  broken  up  into  two  nitrogenous  bodies  (pro- 
teids),  one  of  which  is  easily  coagulated,  while  the  other  is  coagulated 
only  with  great  difficulty.  The  former  is  readily  thrown  from  its  solu- 
tion by  salts  of  calcium  (lime),  and  since  these  are  always  present  in 
the  milk,  the  result  of  rennet  action  is  always  to  throw  down  the  curd. 
This  portion  of  the  original  casein  is  then  manufactured  into  cheese, 
while  the  other  portion,  being  soluble,  goes  into  the  whey  and  is  lost 
to  the  cheese-maker.  The  amount  of  protein  thus  lost  may  be  still  fur- 
ther increased  through  the  action  of  bacteria,  which  have  the  i)ower  of 
' making  even  curdled  casein  soluble,  and  this  fact  teaches  the  advisa- 
bility of  using  rennet  in  a manner  which  will  produce  the  coagulation 
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as  quickly  as  possible.  The  rai)iclity  of  the  action  will  depend  upon 
the  relative  amount  of  rennet  and  the  temperature,  and  laay  be  less- 
ened by  alkalies  and  increased  by  various  salts.  The  active  jminciple 
of  rennet  is  a chemical  ferment  which  is  distinct  from  the  other  digest- 
ive ferments  in  the  stomach  juices.  It  seems  to  be  somewhat  widely 
distributed  in  nature  among  animals  and  plants,  and  it  is  a common 
product  of  bacteria  growth.  It  is  destroyed  by  a temperature  of  158°  F., 
and  it  acts  best  at  about  95°  F.  It  is  undoubtedly  to  be  regarded  as 
one  of  the  digestive  ferments. 

THE  SOURIN&  OF  MILK. 

The  normal  souring  of  milk  has  until  quite  recently  been  regarded 
as  a characteristic  of  milk  itself,  unassisted  by  any  outside  influences. 
To-day,  however,  there  is  such  a uniformity  of  results  on  the  part  of 
all  experimenters  that  it  is  no  longer  j)ossible  to  question  the  fact  that 
the  souring  of  milk  is  a fermentative  process  produced  by  organisms 
which  get  into  the  milk  after  the  milking  is  done. 

After  much  investigation  bearing  upon  the  subject  had  been  carried 
on  by  Pasteur  and  others.  Lister,  about  .1873,  found  in  milk  several 
forms  of  bacteria  which  at  first  he  thought  were  all  of  one  species,  but 
afterwards  found  to  belong  to  independent  species.  It  appeared,  more- 
over, that  while  there  is  one  species  of  bacteria  which  produce  the  lactic 
acid  accomiianjdng  the  souring  of  milk,  there  are  others  which  have 
difi'erent  effects.  The  lactic  organism,  he  determined,  is  common  around 
the  dairy,  but  not  common  elsewhere  in  nature,  not  even  in  the  barn. 
He  found  that  sterilized  milk,  if  exposed  to  the  air  in  different  places, 
in  his  laboratory,  in  a barn,  or  in  the  open  air,  or  if  inoculated  with 
water  would  ferment  after  a time,  but  would  not  sour ; in  fact,  the 
souring  of  milk  was  found  to  be  rare  except  in  milk  which  had  come 
directly  from  the  daily.  This  somewhat  surprising  observation  has 
been  confirmed,  and  hence  the  conclusion  is  forced  upon  us  that  the  lac- 
tic organism  is  peculiar  to  the  dairy,  but  is  not  especially  abundant 
elsewhere  in  nature.  Careful  experimenters  now  have  no  difficulty  in 
obtaining  milk  free  from  bacteria. 

Later  investigations  have  shown  that  there  are  several  kinds  of  bac- 
teria which  may  cause  the  souring  of  milk.  It  is  doubtful,  however, 
whether  any  two  of  the  organisms  of  this  class  act  on  milk  in  precisely 
the  same  way.  It  is  probable  that  the  decomposition  of  milk  may  take 
place  in  a number  of  ditferent  ways.  While  Ave  are  certain  that  the  fer- 
mentation of  milk,  commonly  known  as  souring,  is  caused  by  bacteria, 
we  have  yet  much  to  learn  regarding  the  details  of  the  process. 

NUMBER  OF  BACTERIA  IN  MILK. 

These  organisms  all  get  into  the  milk  from  external  sources,  such  as 
the  air,  the  hands  of  the  milker,  the  hair  or  udder  of  the  cow,  and 
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especially  from  the  vessels  into  which  the  milk  is  drawn.  It  is  plain 
that  the  number  present  in  the  milk  will  vary  with  the  cleanliness  used 
in  the  dairy  and  barn.  If  the  udder  of  the  cow  be  carefully  cleaned 
and  the  milk  be  drawn  into  a glass  tube  which,  by  heating,  has  been 
made  free  from  all  living  germs,  and  which  can  be  closed  so  as  to  keep 
from  the  milk  all  nnfiltered  air,  it  is  easy  to  get  milk  so  free  from  bac- 
teria that  it  will  remain  unaffected  for  two  weeks,  even  though  kept  all 
the  time  in  a warm  oven. 

The  number  of  bacteria  present  in  milk  depends  chiefly  upon  the 
length  of  time  the  milk  has  been  standing  and  upon  the  temi)erature. 
Estimates  based  upon  milk  under  different  conditions  have  shown  them 
to  be  almost  innumerable.  In  one  instance  a specimen  of  milk  which 
had  been  standing  for  four  days  in  a cold  place  was  found  to  contain 
about  ten  millions  of  bacteria  per  quart.  The  same  milk  was  then 
allowed  to  stand  in  a warm  room  for  seven  hours,  and  during  this  time 
the  bacteria  increased  a hundredfold.  So  far  as  the  practical  side  of 
this  discovery  is  concerned  it  only  makes  more  evident  the  value  of 
keeping  milk  as  cool  as  possible  from  the  very  outset,  if  we  wish  to 
avoid  the  troublesome  growth  of  bacteria.  For  a day  or  two  the  bac- 
teria increase  with  great  rapidity,  then  their  multiplication  is  checked, 
and  finally  they  entirely  cease  to  grow.  This  can  not,  of  course,  be  due 
to  a lack  of  food,  for  there  is  plenty  of  food  in  the  milk  at  all  times. 
It  is  rather  to  be  attributed  to  the  accumulation  of  the  products  of  their 
action.  Those  growths  which  produce  an  acid  Avill  soon  be  checked  by 
this,  for  bacteria  can  hot  grow  in  an  acid  medium.  The  amount  of  acid, 
however,  will  vary,  for  some  species  of  bacteria  are  very  sensitive  to 
acid,  while  others  wiU  endure  a larger  amount  without  injury. 

RELATION  OF  ELECTRICITY  TO  THE  SOURING  OF  MILK. 

A consideration  of  the  subject  of  the  souring  of  milk  would  not  be 
complete  without  reference  to  the  effect  of  electricity.  The  popular  be-  | 
lief  that  thunderstorms  will  sour  milk  is  so  widespread  that  it  would  ! 
seem  as  if  there  must  be  some  foundation  for  it.  It  has  been  asserted  i 
by  many  that  the  ozone  produced  in  the  air  by  electricity  causes  the  , 
milk  to  become  sour.  In  experiments  in  which  electric  sx)arks  were 
discharged  over  the  surface  of  the  milk,  however,  little  or  no  effect  has  | 
been  jiroduced  upon  it.  The  conclusion  is  that  electricity  is  not  of  ! 
itself  capable  of  souring  milk  or  even  of  materially  hastening  the  i)roc- 
ess.  Nor  can  the  ozone  developed  during  the  thunderstorm  be  looked 
upon  as  of  any  great  importance.  It  seems  probable  that  the  connec- 
tion between  the  thunderstorm  and  the  souring  of  the  milk  is  one  of  a 
different  character.  Bacteria  certainly  grow  most  rapidly  in  the  warm, 
sultry  conditions  which  usually  x^recede  a thunderstorm,  and  it  fre- 
quently happens  that  the  thunderstorm  and  the  souring  occur  together, 
not  because  the  thunder  has  hastened  the  souring,  but  rather  because 
the  climatic  conditions  which  have  brought  the  storm  have  at  the  same 
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time  been  sucb  as  to  cause  unusually  rapid  bacteria  growth.  Milk 
deprived  of  bacteria  will  certainly  keej)  well  during  thunderstorms. 
Dairymen  find  no  difficulty  in  keeping  milk  if  it  is  cooled  immediately 
after  being  drawn  from  the  cow  and  is  kept  cool.  Milk  submerged  in 
cool  water  is  not  affected  by  thunder.  Dairymen  find  that  during 
^‘dog-day”  weather,  even  when  there  is  no  thunder,  it  is  just  as  difficult 
to  keep  milk  as  it  is  during  thunderstorms;  and  they  also  find  that 
scrupulous  cleanliness  in  regard  to  the  milk  vessels  is  the  best  possible 
remedy  against  souring  during  a thunderstorm.  It  is  safe  to  conclude, 
therefore,  that  in  all  cases  it  is  the  bacteria  which  sour  the  milk,  and 
if  there  seems  to  be  a casual  connection  between  the  thunder  and  the 
souring  it  is  an  indirect  one  only.  Climatic  conditions  have  hastened 
bacteria  growth  and  have  also  brought  on  the  thunderstorm.  The 
same  conditions  would  affect  the  milk  in  exactly  the  same  way,  even 
though  no  thunderstorm  were  produced,  and  this  effect,  our  dairymen 
tell  us,  is  frequently  observed  during  the  warm,  sultry  autumn  days. 

OTHER  FORMS  OF  FERMENTATION  OF  MILK. 

Students  have  not  recognized  until  in  recent  years  that  a great 
variety  of  fermentations  may  occur  in  milk.  The  reason  for  the  tardi- 
ness of  this  discovery  is  easily  seen.  Under  ordinary  conditions  milk 
always  undergoes  some  sort  of  lactic  fermentation  (souring).  Only  under 
rare  conditions  is  this  absent.  The  production  of  lactic  acid  soon  cur- 
dles the  milk  and  immediately  obscures  all  other  forms  of  fermentation 
which  have  occurred  during  the  process.  The  acid  also  stops  the 
growth  of  all  bacteria,  so  that  no  subsequent  effect  can  be  seen.  Hence 
in  normal  milk  clear  evidence  of  fermentation  of  any  other  sort  than 
souring  is  rarely  noticed.  But  the  study  of  bacteria  from  the  time  of 
the  earlier  investigations  of  Pasteur  has  shown  the  existence  of  a large 
number  of  species  of  organisms,  and  though  for  a time  the  fact  was  dis- 
puted, it  soon  became  definitely  demonstrated.  It  became  evident, 
therefore,  that  with  a variety  in  the  species  of  organisms  a variety  in 
the  fermentations  of  milk  could  be  expected.  Our  knowledge  of  the 
newly  discovered  fermentations  is  by  no  means  complete  as  yet.  We 
are  beginning  to  recognize  that  each  species  probably  has  its  own 
distinct  effect  on  milk,  and  the  matter  thus  becomes  very  complex. 
Still  we  are  already  able  to  divide  these  many  varieties  of  the  fermen- 
tations of  milk  into  classes,  each  characterized  by  a single  general 
action,  but  comprising  many  varieties.  The  first  class  has  been  noticed, 
its  general  characteristic  being  the  production  of  lactic  acid.  The 
second  class  is  characterized  by  the  production  of  an  alkaline  reaction 
instead  of  an  acid. 

ALKALINE  FERMENTATION  OF  MILK. 

The  fermentation  of  milk  is  not  always  accompanied  by  the  produc- 
tion of  an  acid.  It  has  been  ascertained  that  no  lactic  acid  appears  in 
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spontaneously  fermenting  boiled  milk.  The  milk  may  become  coagu- 
lated into  a soft,  slimy  mass,  which  usually  possesses  a bitter  taste. 
The  taste  is  never  sour,  and  fhe  milk,  instead  of  having  an  acid  reac- 
tion, is  either  alkaline  or  neutral.  After  a day  or  two  the  curd  begins 
to  dissolve  into  a somewhat  clear  liquid,  and,  if  the  action  is  allowed  to 
continue  long  enough,  may  become  completely  dissolved  into  a semi- 
transparent liquid  having  no  resejiiblance  to  milk.  The  chemical  study 
of  this  liquid  shows  a variety  of  ingredients,  among  which  are  pep- 
tones, leucin,  tyrosin,  and  ammonia.  To  the  peptones  the  bitter  taste 
may  be  at  least  partly  attributed,  and  to  the  ammonia  the  alkaline 
reaction. 

Many  varieties  of  fermentation  are  accompanied  by  the  alkaline  reac- 
tion, but  three  distinct  features  of  the  general  class  may  be  conven- 
iently selected  for  discussion.  The  formation  of  butyric  acid,  the 
formation  of  a bitter  taste,  and  the  curdling  of  the  milk,  with  the  sub- 
sequent dissolving  of  the  curd,  are  all  striking  characters  which  may 
be  considered  separately. 


BUTYRIC  ACID. 

As  early  as  1843  the  formation  of  butyric  acid  in  milk  was  observed, 
but  it  was  not  until  18G1  that  Pasteur  associated  this  fermentation  with 
a distinct  organism.  His  cultures  of  it  were  not  pure  ones,  however, 
and  his  results  were  not  satisfactory  to  us  of  to-day.  But  the  work 
was  of  the  utmost  value,  since  it  was  a departure  in  a new  direction. 
Pasteur  studied  the  organism  enough  to  discover  the  very  important 
fact  that  it  grows  best  out  of  contact  with  air. 

In  1880  Prazmowski  made  a careful  study  of  the  organism  and  named 
it  Bacillus  hutyricus.  The  species  described  under  this  name  grows 
rapidly  in  the  absence  of  oxygen.  Boiling  will  not  kill  the  germs  of 
this  butyric  organism,  and  hence  milk  after  boiling  will  be  pretty  sure 
to  undergo  the  butyric  fermentation.  Its  growth  in  normal  milk  is  not 
very  great  for  the  first  few  days,  nor,  indeed,  until  the  milk  sugar  has 
been  largely  turned  into  lactic  acid  by  the  ordinary  lactic  organisms. 
The  butyric  species  will  certainly  grow  in  sterilized  milk,  where  there 
is  no  i)ossibility  of  the  production  of  lactic  acid,  but  where  the  growth 
seems  rather  to  be  due  to  the  presence  of  the  oxygen  dissolved  in  the 
milk. 

After  the  work  of  Prazmowski  others  studied  the  butyric  organisms, 
and  their  descriptions,  which  were  found  to  differ  considerably,  caused 
much  confusion.  More  recently  other  s^jecies  have  been  found,  and  the 
butyric-acid  class  seems  to  be  as  large  as  the  lactic-acid  class  of  organ- 
isms. Some  of  the  butyric  organisms  produce  alkaline  reactions, 
while  others  render  the  milk  acid.  In  the  ordinary  handling  of  the 
milk  this  class  of  organisms  is  of  little  importance,  but  it  has  been 
supposed  that  they  have  an  important  effect  upon  the  keeping 
properties  of  butter.  Kancid  butter  contains  considerable  quantities 
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of  butyric  acid,  and  the  deYelopnieut  of  the  rancidity  is  simnltaneons 
with  the  appearance  of  the  butyidc  acid.  When  it  became  known  that 
many  species  of  bacteria  produce  butyric  acid  and  that  there  are  many 
bacteria  in  butter,  it  was  a natural  inference  that  the  rancidity  is  pro- 
duced by  them.  But  it  now  appears  very  doubtful  whether  bacteria 
have  much  to  do  with  the  change.  Bancidity  may  be  hastened  by  them, 
but  will  occur  when  they  are  entirely  absent,  and  is  probably  of  the 
nature  of  a direct  chemical  oxidation  closely  connected  with  the  agency 
of  sunlight. 

BITTER  MILK. 

Out  of  the  general  confusion  which  has  surrounded  the  subject  of 
butyric  fermentation  have  gradually  crystallized  some  definite  ideas  in 
regard  to  the  phenomenon  known  as  bitter  milk.  The  milk  of  old  milch 
cows  is  said  to  have  a tendency  to  be  bitter,  and  various  foods  which 
the  cow  may  eat  are  also  thought  to  have  the  effect  of  producing  bitter 
milk.  Probably  these  and  other  causes  may  be  occasionally  at  work, 
but  in  addition  it  is  certain  that  microorganisms  are  frequently  the 
cause  of  the  trouble.  At  times  it  is  associated  with  the  production  of 
butyric  acid,  and  at  other  times  it  is  i)roduced  by  organisms  which  do 
not  produce  butyric  acid,  but  in  all  cases  the  bitterness  seems  to  be  inde- 
pendent of  the  acid.  Evidently  there  is  quite  a number  of  species 
which  produce  this  effect.  Three  have  been  described  with  care,  and 
several  others  incidentally  noticed,  but  we  have  no  means  of  knowing 
how  numerous  they  are. 

ALKALINE  CURDLING  OF  MILK. 

One  of  the  common  effects  of  the  alkaline  bacteria,  though  by  no 
means  a universal  one,  is  the  curdling  of  the  milk.  The  alkaline  reac- 
tion of  the  milk  proves,  of  course,  that  the  curdling  can  not  be  due  to 
the  formation  of  an  acid  as  in  the  ordinary  souring.  From  the  investi- 
gations thus  far  made  we  are  forced  to  the  conclusion  that  certain 
species  of  bacteria  give  rise  simultaneously  to  two  distinct  forms  of 
fermentation  in  milk,  one  producing  a rennet-like  curdling  and  the  other 
a digestion  or  dissolving  of  the  casein.  So  far  as  is  known  to-day,  the 
curdling  power  is  always  accompanied  by  a digesting  power,  but  some 
instances  are  known  in  which  bacteria  have  the  digesting  power  with- 
out the  curdling  property. 

The  curdling  of  milk  by  these  organisms  is  very  similar  to  that  pro- 
duced by  rennet.  In  the  ordinary  handling  of  milk  the  class  of  organ- 
isms included  under  the  head  of  alkaline  ferments  is  of  little  impor- 
tance. They  grow  slowly  and  the  lactic-acid-forming  species  usually 
get  the  start  of  them,  producing  their  own  marked  effect  on  the  milk, 
so  that  the  action  of  the  alkaline  species  is  entirely  obscuied.  More- 
over the  acid-forming  species  soon  ])roduce  so  much  acid  that  the 
growth  of  all  bacteria  is  checkeil,  and  thus  the  alkaline  species  have 
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no  chance  to  produce  much  effect  on  the  milk.  At  the  same  time  these 
species  are  of  the  greatest  importance  in  dairy  matters.  In  the  first 
place  many  of  them  form  resisting  germs  which  will  endure  high  tem- 
perature and  render  it  very  difficult  to  sterilize  milk  by  heat.  They 
are  always  present  in  milk  which  has  been  standing  for  a short  time,  and 
sometimes  their  abundance  is  great  enough  to  produce  noticeable 
effects.  Everyone  who  has  had  an  extended  experience  with  milk  has 
seen  instances  of  milk  curdling  without  the  usual  acid  taste,  and  it  is 
a familiar  fact  that  curdled  milk  is  by  no  means  constant  in  character. 
There  is  the  greatest  variety  in  the  stifihess  of  the  curd,  the  amount  of 
the  whey,  the  taste,  odor,  etc.,  and  all  of  these  differences  are  due  to 
varying  numbers  and  species  of  bacteria  other  than  the  lactic- acid 
class. 

Among  the  numerous  species  of  bacteria  affecting  milk  those  pro- 
ducing the  rennet-like  curdling  are  abundant,  and  their  share  in  the 
ordinary  fermentations  of  milk  is  not  a small  one,  especially  in  cool 
weather.  In  the  keej^iiig  property  of  butter  they  doubtless  play 
a part,  though  they  are  not  the  sole  cause  of  rancidity.  In  the  ripen- 
ing of  cream  for  churning  their  part  is  still  greater,  and  in  the  ripen- 
ing of  cheese  they  are  of  the  utmost  importance.  Undoubtedly  we 
may  trace  many  of  the  difficulties  of  the  butter  and  cheese  maker  to 
bacteria  of  this  class.  A further  knowledge  of  their  action  will  be  of 
great  value  to  the  dairy  interest.  We  are  as  yet  only  on  the  threshold 
of  the  study  of  these  organisms,  for  while  the  lactic-acid  organisms 
have  been  quite  carefully  studied  in  past  years  the  rennet-forming  class 
has  only  recently  come  into  notice. 

BLUE  MILK. 

This  fermentation,  characterized  by  the  deep  blue  color  which  has 
given  it  its  name,  occurs  sometimes  as  an  isolated  trouble  in  individual 
dairies,  and  sometimes  it  has  become  so  prevalent  in  certain  localities 
as  to  be  almost  an  epidemic.  The  explanation  now  given  for  blue  milk 
is  a double  one.  Ordinary  milk  contains  some  of  the  lactic-acid  organ- 
isms, and  these,  acting  in  connection  with  another  species  of  bacteria 
known  as  Bacillus  cyanogenus,  produce  the  brilliant  blue  color  which 
characterizes  this  infection.  When  growing  in  ordinary  milk  the  effect 
of  this  organism  is  very  marked.  For  a few  hours  no  change  is  noticed, 
but  just  about  the  time  when  the  milk  begins  to  become  acid  some 
intense  blue  patches  make  their  appearance.  The  faster  the  acid  forms 
the  quicker  the  coagulation  appears  and  the  smaller  are  the  blue  patches, 
while  if  the  acid  is  produced  more  slowly  the  blue  patches  are  larger 
and  of  a better  color. 

Where  the  blue-milk  organism  comes  from  is  unknown,  nor  have  we  any 
knowledge  of  the  causes  of  the  occasional  epidemics  of  blue  milk.  There 
can  be  little  doubt  that  the  cause  is  always  from  some  unknown  source  of 
filth.  In  some  cases  the  trouble  has  been  traced  to  a single  cow  in  a large 
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dairy^  aud  has  been  easily  stopped  by  isolating  the  individual  found  to 
be  the  cause,  or  by  carefully  washing  the  cow’s  teats  with  a little  weak 
acetic  acid  solution.  Blue  milk  is  always  an  infection  due  to  outside 
contamination,  and  its  remedy  is  always  to  be  found  in  care  and  clean- 
liness. It  does  not  occur  in  tbe  carefully  kept  dairy. 

Blue  milk  appears  to  be  harmless.  It  has  been  fed  to  animals,  which 
eat  it  readily  and  without  Iiarm.  Within  a few  years  blue  cheese  has 
been  brought  to  the  attention  of  scientists,  and  has  been  attributed  to 
the  same  organism  which  produces  the  trouble  in  milk. 

ALCOHOLIC  FERMENTATION  OF  MILE. 

Milk  does  not  readily  undergo  alcoholic  fermentation.  Koumiss,  a 
beverage  i)repared  from  mares’  milk  from  time  immemorial  by  the  no- 
madic tribes  of  Tartary,  contains  alcohol  produced  by  alcoholic  fer- 
mentation of  the  milk.  Within  the  last  few  years  this  drink  has  be- 
come somewhat  common  as  a beverage  for  invalids  and  for  that  i)ur- 
pose  is  prepared  from  cows’  milk  by  adding  a little  sugar  to  induce 
alcoholic  fermentation.  Another  alcoholic  drink  obtained  from  milk  is 
the  ketir  ” of  the  Caucasus.  In  both  of  these  beverages  the  alcoholic 
fermentations  of  milk  are  accompanied  by  various  other  fermentations. 
Within  recent  years  it  has  been  discovered  that  there  are  numerous 
organisms  capable  of  producing  an  alcoholic  fermentation  of  milk  sugar 
when  acting  alone.  Among  these  are  at  least  two  or  three  species  of 
yeast.  It  appears  that  small  amounts  of  alcohol  are  produced  in  some 
of  the  common  forms  of  lactic  fermentation,  and  finally  we  have  found 
that  almost  any  species  of  yeast  can  produce  alcohol  from  milk  if  the 
process  be  first  started  by  adding  to  the  milk  a little  of  the  easily  fer- 
mentable cane  sugar.  8o  well  known  is  this  alcoholic  fermentation 
to-day  that  it  has  recently  been  suggested  that  the  use  of  whey  in  the 
manufacture  of  alcohol  on  a large  scale  Avould  be  a profitable  under- 
taking. 

SLIMY  FERMENTATION. 

A slimy  fermentation  of  milk  is  a somewhat  common  occurrence  and 
occasionally  produces  great  trouble  in  dairies.  Slimy  milk  has  an  im- 
portant bearing  upon  the  manufacture  of  Edam  cheese.  Elsewhere, 
too,  this  fermentation  is  a troublesome  one,  since  it  destroys  the  milk 
for  all  ordinary  uses.  Such  milk  will  furnish  no  cream.  It  can  not  be 
churned  and  is  ruined  for  drinking  purposes. 

There  have  been  the  greatest  variety  of  theories  as  to  the  cause  of 
slimy  milk.  Diseases  of  the  mammary  gland,  variations  in  the  food  of 
the  cow,  and  differences  in  conditions  surrounding  the  dairy  have  all 
come  in  for  a share  in  the  explanation.  But  the  slimy  fermentation  of 
milk  has  been  found  to  be  connected  with  a large  variety  of  organisms. 
Some  of  them  give  to  the  milk  only  a slight  sliminess,  while  others 
render  it  tenacious  almost  beyond  belief.  One,  described  by  Conn, 
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renders  the  milk  and  other  solutions  so  slimy  that  it  can  be  drawn  into 
thieads  10  feet  long,  and  so  small  as  to  be  hardly  visible.  Some  of  the 
organisms  render  milk  slimy  in  their  early  growth,  others  only  after 
several  days,  and  some  do  not  render  the  fresh  milk  slimy  at  all,  but 
first  curdle  it  and  then  dissolve  the  curd  into  a slimy  solution.  So  far 
as  their  chemical  side  is  concerned,  the  fermentations  are  also  widely 
different  from  each  other,  although  not  sufficient  is  known  to  enable  us 
to  classify  them  all  at  present. 

MISCELLANEOUS  FORMS  OF  FERMENTATION. 

In  addition  to  the  above  well-marked  classes  of  fermentation  there 
are  various  others  not  so  well  known  or  so  carefully  studied.  Among 
them  are  some  organisms  that  iiroduce  especially  striking  effects  from 
the  production  of  pigments.  Blue  milk  has  already  been  noticed,  but 
several  other  pigment-forming  species  of  bacteria  cause  milk  to  turn  vio- 
let, yellow,  green,  or  red. 

Of  other  miscellaneous  forms  of  fermentation,  very  little  is  known 
beyond  the  mere  fact  of  their  existence.  The  fact  is  that  milk  is  an 
excellent  medium  for  bacteria  growth.  It  furnishes  proper  food  for  all 
of  the  bacteria  connected  with  decomposition,  and  the  various  organisms 
of  the  air  or  the  water  may  grow  in  it  to  almost  any  extent.  The  study 
of  its  fermentative  changes  resolves  itself,  therefore,  into  the  study  of 
fermentation  in  general.  Fermentation,  decomposition,  j)utrefaction, 
etc.,  wiU  all  run  into  each  other  in  the  study  of  the  changes  occurring 
in  milk,  and  it  is  impossible  to  draw  any  line  separating  them.  For 
a comiilete  knowledge  of  the  fermentations  of  milk,  we  must  wait 
until  we  understand  thoroughly  the  process  of  fermentation  and  decom- 
position in  general.  At  present  this  is  an  almost  unknown  field.  We 
can  pick  out  a few  of  the  simiiler,  more  striking  types  of  fermentation 
and  group  them  into  classes  as  we  have  done,  but  we  must  leave  for 
future  study  the  miscellaneous  forms  of  decomposition  and  fermenta- 
tion whose  existence  we  recognize,  but  of  whose  nature  we  are  entirely 
ignorant. 

PRACTICAL  BEARING  OF  THE  SUBJECT  UPON  DAIRYING. 

After  this  review  of  the  fermentations  of  milk,  the  question  of  their 
practical  bearing  forces  itself  upon  our  attention.  It  is  becoming  more 
and  more  evident  every  year  that  their  bearing  upon  dairying  is  of  the 
utmost  importance.  The  practical  application  of  our  knowledge  of  the 
fermentations  of  milk  will  concern  each  of  the  three  chief  daily  iirod- 
ucts,  milk,  butter,  and  cheese. 

HANDLING  MILK. 

To  those  dealing  with  milk  itself  in  any  form,  the  various  fermenta- 
tions are  especially  undesirable  and  are  constant  sources  of  trouble.  Such 
persons  want  the  milk  pure  and  sweet,  and  any  of  the  various  forms  oi 
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fermentation  injure  tlie  milk  for  tlieir  purj^oses.  Now,  so  far  as  these 
matters  are  concerned,  onr  study  of  milk  fermentation  has  taught  us 
first  of  all  that  all  fermentations  of  millc,  even  the  common  souring^  are 
due  to  the  contamination  of  the  millc  with  something  from  the  exterior 
after  it  is  drawn  from  the  cow.  If  they  are  thus  all  due  to  contamina- 
tion from  without,  all  that  is  needed  to  prevent  them  is  to  treat  the 
milk  in  such  a way  that  no  such  contamination  is  permitted.  But  simple 
as  this  is  in  theory  our  study  has  shown  us  that  it  is  a matter  of  prac- 
tical impossibility.  The  various  organisms  affecting  milk  are  so 
numerous  and  so  common  everywhere  that  no  practical  method  can  be 
devised  for  keeping  them  out  of  the  milk.  The  person  who  handles 
milk  must  therefore  recognize  their  presence  in  the  milk  as  inevitable, 
and  he  must  simply  turn  his  attention  to  means  of  reducing  them  to  the 
smallest  number  and  keeping  their  growth  within  the  smallest  possible 
compass.  This  has  been  shown  to  be  accomplished  best  by  two  pre- 
cautions, absolute  cleanliness  and  low  temperatures.  The  great  source 
of  these  organisms  is  in  the  unclean  vessels  in  which  the  milk  is  drawn 
and  in  the  filth  which  suirounds  the  cow.  By  scrupulous  cleanliness 
in  the  barn  and  dairy  the  number  of  organisms  which  get  into  the  milk 
may  be  kept  comparatively  small.  The  statement  of  a dairyman  that 
one  should  make  as  careful  a toilet  for  the  milking  yard  as  for  the 
supper  table”  is  no  exaggeration.  Of  equal  value  in  preserving  milk, 
is  the  use  of  low  temx)erature,  and  to  be  of  the  most  use  it  should  be 
applied  immediately  after  the  milk  is  drawn.  When  drawn  from  the 
cow,  milk  is  at  a high  temperature,  and  indeed  at  just  the  temperature 
at  which  most  bacteria  will  grow  the  most  raj^idly.  U nder  the  influence 
of  the  atmospheric  temperature,  especially  in  the  summer,  the  milk  will 
become  cool  very  slowly,  but  never  becomes  cooler  than  the  air.  The 
bacteria  wliich  have  gotten  into  the  milk  will  therefore  have  the  very 
best  opportunity  for  rapid  multiplication  and  the  milk  will  sour  very 
rapidly.  If,  however,  the  milk  is  cooled  to  a low  temperature  immedi- 
ately after  it  is  drawn,  the  bacteria  growth  is  checked  at  once  and 
will  not  begin  again  with  much  rapidity  until  the  milk  has  become 
warmed  once  more.  This  warming  will  take  place  slowly,  and  there- 
fore the  cooled  milk  will  remain  sweet  many  hours  longer  than  that 
which  is  not  cooled.  It  frequently  happens  from  this  cause  that  a milk- 
man finds  that  his  morning  milk  will  sour  earlier  than  the  milk  of  the 
night  before.  The  milk  drawn  in  the  evening  is  put  in  a cool  place 
at  once  and  becomes  quite  cool  during  the  night,  while  the  morning\s 
milk  is  at  once  put  in  cans  and  taken  away  for  delivery.  It  will  thus 
happen  that  the  older  milk  will  actually  keep  longer  than  the  newer 
milk,  simply  because  it  has  been  cooled  and  must  be  warmed  before 
bacteria  can  begin  to  grow  very  rapidly.  A practical  knowledge  of 
this  fact  will  be  of  great  value  to  every  person  handling  milk.  Early 
cooling  to  as  low  a temperature  as  is  practicabte  is  best  remedy  fop 
too  rapid  souring  of  milk. 
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A second  lesson  of  no  less  importance  has  been  tanght.  All  of  the 
abnormal  fermentations  of  milk,  snch  as  blue  milk,  red  milk,  slimy  milk, 
etc.,  are  also  due  to  the  growth  of  organisms  in  the  milk,  and  all 
of  these  7nay  be  'prevented  by  care.  While  the  lactic  organisms  are 
so  common  and  so  abundant  as  to  make  it  hopeless  to  try  to  keep  them 
out  of  the  milk,  this  is  not  true  of  the  organisms  producing  the  abnor- 
mal fermentations.  These  organisms  are  not  so  abundant,  and  by  the 
exercise  of  care  they  may  all  be  prevented  from  getting  into  the  milk  in 
such  a way  as  to  cause  trouble.  If  a dairy  is  suddenly  troubled  with 
slimy  milk  or  any  other  abnormal  trouble,  the  dairyman  may  feel  sure 
that  the  cause  is  to  be  found  in  some  unusual  contamination  of  his  milk 
and  that  the  remedy  must  be  extra  cleanliness.  He  need  not  look  for 
the  cause  in  the  food  that  the  cow  has  eaten,  but  may  perhaps  find  it 
in  the  hay  which  the  milker  has  handled  or  in  the  dust  Avhich  has  been 
stirred  up  in  the  milking  shed.  He  must  look  for  the  trouble  in  some- 
thing apart  from  the  cow,  and  usually  in  his  own  carelessness,  either 
in  the  barn  or  the  dairy.  Search  in  this  direction  will  usually  enable 
him  to  remove  the  trouble,  Avhile  experiments  upon  the  food  or  condi- 
tions of  the  cow  Avill  usually  be  worthless.  Sometimes  such  troubles 
may  be  traced  to  an  individual  cow  among  a large  herd.  This  will  of 
course  indicate  that  this  cow  has  in  some  way  become  contaminated 
with  a source  of  filth  which  produces  the  trouble.  We  must  always 
remember  that  with  a healthy  cow  all  contamination  of  the  milk  must 
come  from  the  outside,  and  the  remedy  is  seen  at  once.  Such  a cow 
should  be  cleaned,  and  especial  care  should  be  taken  to  carefully  Avash 
her  teats  with  a Aveak  solution  of  acetic  acid  for  the  purpose  of  remov- 
ing whatever  bacteria  may  be  clinging  to  them.  Such  methods  will 
soon  remove  the  trouble.  The  second  lesson  for  the  dairyman  is,  there- 
fore, that  all  abnormal  fermentations  may  be  prevented  by  sufficient  care 
and  cleanliness. 

It  is  well  to  notice  that  certain  abnormal  odors  and  tastes  in  milk 
may  be  produced  directly  by  the  food  eaten  by  the  cow.  If  a cow  eats 
garlic  or  turnip  the  flavor  of  the  milk  is  directly  affected.  Various 
other  foods  may  in  a similar  manner  affect  the  taste  of  milk,  but  this 
class  of  taints  may  be  readily  distinguished  from  those  due  to  bacteria 
growth.  The  odors  and  taints  due  to  the  direct  influence  of  the  food 
are  at  their  maximum  as  soon  as  the  milk  is  drawn,  never  increasing 
afterwards.  But  the  taints  due  to  bacteria  growth  do  not  appear  at  all 
in  the  fresh  milk,  beginning  to  be  noticeable  only  after  the  bacteria  have 
had  a chance  to  grow.  If,  therefore,  a dairyman  has  trouble  in  his 
milk,  which  appears  immediately  after  the  milking,  he  may  look  for 
the  cause  in  something  thattlie  cow  has  eaten ; but  if  the  trouble  appears 
after  a few  hours  and  then  grows  rapidly  worse  until  it  reaches  a maxi- 
mum, he  may  be  assured  that  the  cause  is  some  form  of  fermentation 
and  that  the  remedy  is  to  be  sought  not  in  changing  the  food  of  the 
cow,  but  in  greater  care  in  the  management  of  the  dairy  or  barn. 
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Y arious  methods  have  been  devised  for  destroying  the  organisms  after 
they  have  found  their  way  into  the  milk.  Nnmerons  chemicals  have  been 
used,  and  several  methods  of  using  heat  have  been  devised.  Into  the 
details  of  this  subject  we  can  not  go  at  present.  The  methods  have 
been  devised  for  the  consumer  of  the  milk  rather  than  the  dairyman,  and 
the  latter  need  not  concern  himself  with  them.  The  lessons  for  the 
dairyman  to  learn  from  the  study  of  the  fermentations  of  milk  are 
scrupulous  cleanliness  in  all  affairs  relating  to  milk  care  in  the  dairy, 
thorough  washing  with  boiling  water  of  all  milk  vessels,  and  low  tem- 
peratures api)lied  to  the  milk  immediately  after  it  is  drawn  fi'om  the 
cow. 

BUTTER-MAKING. 

To  the  Imtter-maker  the  bacteria  of  milk  present  a different  aspect. 
To  him  they  prove  friends  instead  of  enemies.  After  the  cream  is  sep- 
arated from  the  milk  it  proves  of  advantage  to  the  butter-maker  to  allow 
bacteria  to  grow  in  it  before  churning.  It  is  the  custom  of  butter- 
makers  to  allow  their  cream  to  ‘^sour’’  or  ripen”  for  a number  of 
hours  before  churning.  This  is  accomplished  by  allowing  it  to  stand  in 
a warm  iilace  for  twelve  to  twenty-fonr  hours.  During  this  time  the 
bacteria  in  it  are  multix)lying  rapidly  and,  of  course,  producing  the 
first  stages  of  the  various  forms  of  fermentation  of  which  they  are  the 
cause.  Prominent  among  them  will  be  some  of  the  lactic-acid  organ- 
isms, and  these  will  produce  the  souring  of  the  cream.  But  the  changes 
which  occur  are  not  confined  to  the  lactic-acid  organisms,  for  the  warm 
temperature  will  hasten  the  growth  of  various  other  organisms  which 
hai)pen  to  be  j^resent  in  the  cream. 

The  butter-maker  finds  certain  advantages  in  such  ripening.  He 
finds  that  the  cream  will  churn  more  easily  and  that  he  can  get  a larger 
amount  of  butter  from  a given  amount  of  cream  if  it  is  ripened  than  he 
could  if  it  were  churned  while  fresh.  He  finds,  further — and  this  is 
perhaps  the  chief  value  of  ripening  cream — that  the  butter  made  from 
ripened  cream  has  a flavor  suiierior  to  that  of  butter  made  from  sweet 
cream.  To  obtain  the  jiroper  flavor  or  aroma  is  one  of  the  chief  objects 
of  the  bntter-maker. 

Taking  up  the  last  matter  first,  we  notice  that  the  aroma  is  undoubt- 
edly connected  with  the  decomi^ositioii  products  of  the  bacteria  growth. 
The  volatile  acids  supposed  to  give  flavor  to  the  butter  are  not  x)resent 
in  fresh  milk,  but  only  appear  after  standing,  i.  c.,  after  the  fermenta- 
tions have  begun.  For  a time  it  was  thought  that  the  aroma  of  butter 
was  due  to  some  alcohol-like  product  formed  during  the  ripening  or  to 
the  presence  of  lactic  acid  itself.  In  accordance  with  this  last  idea  lac- 
tic acid  has  been  used  artificially  to  ripen  cream,  but  without  much 
success.  Of  course,  after  we  have  learned  that  microorganisms  have 
been  forced  to  grow  in  the  cream  during  the  rix)ening,  and  when  we 
combine  this  with  the  facts  which  we  have  learned  of  the  fermentation 
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products  of  luicrodrganisms,  we  are  led  to  believe  tliat  the  ripening 
of  cream  is  a more  comx)licated  x^rocess  than  the  sinp^le  x^roductiou  of 
lactic  acid.  The  first  x^ersoii  to  investigate  this  matter,  in  tlie  light  of 
modern  discoveries,  Avas  Storch,  a Swedish  scientist.  He  assumed  that 
the  butter  aroma  Avas  due  to  the  groAvth  of  organisms  and  made  a 
study  of  the  bacteria  in  butter  and  cream  for  the  x)nrpose  of  finding,  if 
XAOSsible,  the  x>i‘ox^er  sx^ecies  of  organism  for  x>i*oducing  the  aroma. 
After  considerable  search  he  finally  succeeded  in  isolating  from  ri])ening 
cream  a singlebacillus,  which  seemed  toxAroduce  the  x)rox>er  butter  aroma 
when  it  was  used  in  X)nre  culture  to  rix)eu  cream.  Shortly  after  this 
Weigmanii  studied  the  same  x>henomenon  and  also  succeeded  in  ob- 
taining cultures  of  an  organism  Avhich  xu’oduced  a normal  rix)ening  and 
gaA^e  rise  to  a xwoper  aroma.  This  fei*ment  is  coming  into  use  in  some 
of  the  creameries  in  Germany,  the  claim  being  made  for  it  that  it  insures 
certainty  in  the  result  of  the  rixAening  x^i'ocess.  It  has  not  yet  been 
introduced  into  this  country  for  x)ractical  x)iiiToses. 

The  Amine  of  using  such  a ferment,  if  it  can  be  sux)x>lied  in  a x>i’^i^(*ti- 
cal  manner,  is  easily  seen.  It  AAill  introduce  im])i‘ovements  into  the 
creameries  similar  to  those  introduced  into  breweries  l)y  means  of  the 
study  of  yeasts.  In  normal  butter-making  as  xn’acticed  to-day  there 
is  no  way  of  obtaining  any  control  of  the  bacteria  i)resent  in  the  cream. 
A given  sxmcimeu  of  cream  aauU  contain  a large  variety  of  l)acteria. 
Conn  has  shoAvu  that  there  may  be  a score  f)f  difiereut  sx)ecies  of  bac- 
teria groAviiig  in  cream  Avliich  has  been  collected  in  the  usual  way. 
The  butter-maker  has  no  means  of  regulating  this  assortment  or  ewen 
of  knowing  anything  about  it,  but  must  dex)eud  ux)ou  what  has  been 
brought  to  him.  During  the  ripening  x^rocess  there  will  ensue  a con- 
flict of  the  difiereut  organisms  with  each  other,  and  the  result  will 
dex>eud  upon  a variety  of  circumstances.  The  result  will  be  infiuenced 
by  temimrature,  variety  of  sx^ecies,  quality  of  the  cream,  and  length  of 
time  of  ripening,  as  well  as  by  the  adAmntage  Avhich  certain  sx^ecies  of 
organisms  may  get  from  an  earlier  start.  In  such  a conflict  it  ay  ill  be 
a matter  of  accident  if  the  x^rox^er  sx)ecies  succeeds  in  groAviug  rax^idly 
enough  to  xu'oduce  its  oayu  efi'ect  on  the  cream  unhindered  by  the  others. 
Noav  it  certainly  makes  a great  difierence  in  the  x^roduct  Avhat  sx)ecies 
of  bacteria  haxAX)en  to  groAV  most  rapidly.  Storch  found  only  a single 
si)ecies  that  produced  the  xunper  aroma,  and  Conn  has  found  that  cream 
ri])ened  with  imxunxxer  sx)ecies  of  bacteria  xn'oduces  very  x)oor  butter. 

The  prox^er  aroma  of  butter  is  a very  intangible  matter  for  study. 
It  is  not  due  to  the  volatile  acids,  as  Avas  formerly  sux)i)osed,  for  the 
butter  aroma  has  been  found  to  be  x>roduced  in  solutions  containing 
no  butter  fat.  Evidently  this  aroma  is  in  some  way  (*nunected  with 
the  first  xwoducts  of  decom])osition  Avhich  are  set  up  in  the  cream  as 
the  result  of  bacteria  growth.  But  these  de(*omxK)sition  x^roducts  are 
very  numerous  and  not  at  all  desirable.  The  bacteria  which  groAV  in 
rixjening  cream  have  been  found  to  x>i'oduce  all  sorts  of  disagreeable 


20 


flavors  and  tastes  in  milk  or  cream  if  alloAved  to  act  unhindered.  It 
seems  to  be  only  the  first  products  of  the  decomposition  that  have 
the  pleasant  flavor^  the  later  stages  of  the  decomposition  giving'  rise  to 
products  of  a very  different  character.  Too  long  a ripening  results  in 
the  production  of  a butter  containing  too  strong  flavors,  and  one  of  the 
difficulties  of  butter-makers  is  to  determine  the  right  length  of  time  for 
proper  ripening.  Indeed,  the  greatest  difficulty  which  the  butter-maker 
has  to  meet  is  in  obtaining  a uniform  product.  Proceeding  according  to 
rules  which  his  experience  has  taught  him,  he  can  usually  obtain  a 
good  product  j but  even  the  best  butter-makers  will  sometimes  fail  from 
causes  not  explained. 

Now,  while  the  trouble  is  of  course  not  entirely  due  to  difficulties  in 
the  ripening,  there  is  no  question  that  this  is  one  of  the  prominent 
sources  of  difficulty.  The  butter-maker  can  have  no  certainty  that  his 
cream  is  supplied  with  the  proi3er  species  of  bacteria  to  produce  the 
proper  aroma,  and  can  never  be  sure  as  to  the  result  of  the  ripening. 
If  he  could  be  furnished  with  a ferment  for  the  purpose,  as  the  brewer 
is  furnished  with  yeast,  one  of  his  chief  difficulties  would  be  overcome. 
It  is  in  this  direction  that  experiments  are  being  directed  to-day.  The 
bacteriologists  have  offered  the  butter-maker  in  Europe  even  now  a 
ferment  with  which  to  ripen  his  cream,  and  by  using  fresh  milk  and 
separating  the  cream  with  the  centrifugal  machine  there  is  nothing  to 
prevent  rij^ening  cream  with  the  ferment  oflered,  unhindered  by  the 
other  organisms  which  are  usually  present.  But  the  work  as  yet  is 
only  X3reliminary.  While  there  has  been  found  a species  of  bacteria 
which  produces  a good  result,  we  do  not  yet  know  enough  of  the  effect 
of  the  ordinary  species  of  bacteria.  We  have  no  knowledge  as  to 
whether  more  than  a single  species  can  produce  good  results,  nor  do 
we  know  whether  the  species  used  in  creameries  in  this  country  and  in 
Europe  are  one  and  the  same. 

The  matter  of  the  production  of  the  proper  butter  aroma  as  the  re- 
sult of  the  use  of  artificial  ferments  in  ripening  cream  is  at  present  too 
uncertain  for  definite  conclusions.  We  may  be  confident  that  the  flavor 
of  the  butter  is  largely  dependent  upon  the  decomposition  products  of 
the  bacteria  that  grow  in  the  cream,  and  we  have  positive  evidence  that 
some  organisms  will  produce  much  better  quality  of  butter  than  others. 
We  m9,y  hope  that  the  further  study  of  the  decomposition  products  of 
different  organisms  and  their  relation  to  cream  and  butter  will  offer  to 
the  butter-maker  the  solution  of  this  difficult  problem  in  the  future.  If 
that  occurs  we  may  hope  not  that  the  butter-maker  will  be  able  to  make 
better  butter  than  the  best  that  is  made  to-day,  but  that  he  will  be  able 
to  obtain  the  best  product  with  uniformity;  and  we  may  also  expect 
that  the  creameries  which  at  present  make  an  inferior  quality  of  butter 
will  be  able  to  improve  it  so  as  to  compete  with  the  best. 

As  for  the  other  purposes  of  ripening,  it  is  not  possible  to  say  much 
at  present.  Evidently  the  greater  ease  of  churning  and  the  larger 
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product  obtained  from  ripened  cream  are  matters  closely  related  to 
each  other.  The  simple  fact  is  that  fat  is  more  easily  collected  into 
masses  of  sufficient  size  to  be  removed  mechanically  from  the  butter- 
milk • but  why  the  ripening  makes  them  thus  more  easily  collected 
is  not  yet  fully  explained.  The  difficulty  of  an  explanation  lies  in  the 
fact  that  we  do  not  know  exactly  the  condition  of  the  fat  in  the  milk. 

The  treatment  of  cream  for  butter-making  needs,  therefore,  to  be 
very  different  from  the  treatment  of  milk  and  cream  for  ordinary  pur- 
poses. The  milkman  desires  his  milk  to  be  as  free  from  microorganisms 
as  possible,  but  the  butter-maker  uses  them  and  takes  pains  to  cultivate 
them,  but  he  wants  the  proper  species  if  the  bacteriologists  can  furnish 
them.  He  desires  their  action  on  the  albuminoids  of  the  milk,  which 
renders  the  chimiing  easier  for  him,  and  he  desires  still  more  the  early 
products  of  their  decomposition,  which  give  him  the  desirable  butter 
aroma. 


CHEESE-MAKING. 

If  bacteria  are  desirable  allies  of  the  butter-maker,  they  are  absolute 
necessities  to  the  cheese  manufacturer.  Without  their  agency  in  ripen- 
ing cream  the  butter,  though  it  may  taste  flat,  is  still  usable,  but  cheese 
is  worthless  without  them.  New  cheese  is  not  palatable 5 it  tastes  like 
fi-esh  milk  curd  and  is  not  at  all  pleasant.  The  proper  flavor  of  cheese 
appears  only  as  a result  of  a ripening  process  which  is  allowed  to  con- 
tinue for  several  weeks  or  months,  the  flavor  slowly  growing  stronger 
all  the  while. 

The  ripening  of  cheese  has  been  conclusively  proved  to  be  a matter 
of  the  action  of  microorganisms.  In  1875  Cohn  first  found  bacteria  in 
cheese.  But  it  was  Duclaux  who  first  connected  the  ripening  with  the 
growth  of  these  organisms.  His  first  paper  in  1877  gave  the  results 
of  a chemical  study  of  the  ripening  process  and  showed  that  it  consists 
cliiefly  in  the  transformation  of  insoluble  casein  into  soluble  albumin- 
oids and  that  the  process  is  associated  with  the  production  of  several 
ferments.  , Three  years  later  he  made  a study  of  the  bacteria  in  such 
cheese  and  determined  that  they  are  very  numerous  and  comprise 
several  species.  In  general  the  process  of  ripening  is  cpiite  similar 
to  the  digestion  by  the  digestive  fluids  of  the  stomach  and  alimentary 
canal.  At  this  time  Duclaux  first  suggested  that  certain  of  the  bac- 
teria produce  ferments  as  the  result  of  their  growth  similar  in  their 
characters  to  the  digestive  ferments,  a discovery  which  has  been  well 
established  by  later  work. 

The  ripening  of  cheese  was  now  studied  by  others,  but  the  most  sys- 
tematic work  was  done  by  Adametz.  That  ripening  is  due  to  bacteria 
growth  was  proved  by  this  observer  by  treating  fresli  cheese  with  a 
disinfecting  agent,  which  would  prevent  bacteria  growtli  without  aflect- 
ing  the  chemical  condition  of  the  cheese.  Under  these  conditions  the 
cheese  did  not  ripen.  He  also  made  quantitative  estimates  of  the  num- 
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ber  of  orgaiiii^ms  present,  finding  from  25  to  1G5  millions  per  ounce, 
and  this  nniid)er  was  found  to  increase  slowly  during  tlie  ripening 
process.  He  also  tried  to  determine  wlietlier  ripening  is  due  to  tfie 
combined  action  of  many  species  of  organisms  or  to  a single  species. 
For  this  pur]^ose  be  studied  many  specimens,  and  studied  the  cheese  at 
intervals  during  the  ripening.  He  found  many  species  of  bacteria  pres- 
ent, but  as  the  ripening  went  on  one  species  was  found  to  increase  at 
the  expense  of  the  others  and  was  much  more  abundant  at  the  close  of 
the  ri|)ening  than  any  of  the  others.  This  species  he  always  found, 
while  the  others  were  more  variable,  and  hence  he  concluded  that  this 
species  is  the  cause  of  the  ripening.  These  results  have  since  been 
confirmed. 

At  this  point  the  knowledge  of  the  normal  ripening  of  cheese  rests 
at  the  present  time.  But  few  observations  have  been  made  in  regard 
to  abnormal  ri])ening.  The  greatest  difticulty  that  the  cheese  manu- 
facturer has  to  contend  with  lies  in  this  direction.  He  can  not  be  sure 
of  a unifoi  in  ])roduct.  In  spite  of  all  precautions  his  cheese  will  some- 
times undergo  abnormal  troubles  and  become  worthless  by  changes 
taking  place  during  the  ripening  process.  These  troubles  have  been 
attributed  to  every  sort  of  difficulty,  including  health  and  condition  of 
the  cow,  the  condition  of  the  barn,  the  food  of  the  cow,  etc.  In  some 
cases  they  have  actually  been  traced  to  filth  connected  with  the  man- 
agement of  the  cows.  Kecent  experiments  have  indicated  that  the 
direct  result  is  in  all  cases  to  be  attributed  to  the  action  of  abnormal 
species  of  microorganisms  which  get  into  the  milk,  and  hence  have  a 
share  in  the  ripening  of  the  cheese.  Certain  it  is  that  black  cheese, 
bitter  cheese,  and  cheese  flecked  with  red  spots  are  all  thus  caused, 
and  several  other  troublesome  infections  have  with  certainty  been 
traced  to  microorganisms.  But  while  abnormal  rij)ening  is  undoubt- 
edly due  to  growth  of  improper  species  of  organisms,  we  can  not  at 
present  determine  how  far  the  variations  in  the  ripening  are  due  to 
ditterent  species  of  organisms  planted  in  the  curd  and  how  far  to  dif- 
ferent conditions  of  the  ripening.  Each,  doubtless,  has  its  effect,  and 
much  further  study  is  needed  in  this  direction. 

It  is  evident  that  the  presence  of  bacteria  in  cheese  is  inevitable. 
Tlie  milk  from  which  it  is  Jiiade  always  contains  them,  and  when 
made  into  cheese  part  of  the  bacteria  at  least  will  be  inclosed  in  tlie 
cheese.  Here  they  find  proper  conditions  for  growth.  Tlie  conditions 
are  not  very  favorable,  it  is  true,  for  the  density  of  the  cheese  prevents 
ready  access  of  air,  and  the  organisms  which  require  air  for  their 
growth  sufier  in  consequence,  except  at  the  surface.  The  lack  of  mois- 
ture is  also  doubtless  a disadvantage.  But  in  spite  of  these  xlisadvaii- 
tages  the  bacteria,  grow  slowly  and  soon  produce  profound  chemical 
changes.  They  give  rise  to  the  pe])tonizing  ferment,  which  acts  upon 
the  casein,  rendering  it  partly  soluble.  Besides  this,  they  induce  nu- 
merous other  decomposition  changes,  the  total  result  of  which  is  the 
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production  of  the  rich,  clelicately  flavored  cheese  for  the  market.  But 
though  many  chemical  studies  have  been  made  of  ripening  cheese,  we 
are  not  in  condition  at  the  present  time  to  follow  the  i»rocess  beyond 
stating  the  few  salient  facts  already  mentioned.  The  cheese-maker  thus 
forces  the  bacteria  to  give  him  products  for  Avhich  he  obtains  a high 
price.  Of  course,  so  far  as  the  food  value  of  cheese  is  concerned,  it  is 
the  casein  and  the  fat  which  render  cheese  valuable,  but  its  market 
price  depends  not  ni^oii  the  quantity  of  casein,  but  upon  the  flavor,  and 
this  flavor  is  snjqflied  by  microorganisms.  To  a certain  extent  also  it 
is  true  that  the  diflerent  flavors  of  different  cheeses  are  due  to  the  ac- 
tion of  diflerent  species  of  organisms  in  the  ripening,  although  we  know 
little  in  regard  to  this  matter  at  the  i)resent  time. 

What  the  practical  application  of  these  results  will  be  in  the 
future,  it  is  impossible  to  say.  We  have  as  yet  only  learned  that  there 
is  a causal  connection  between  the  rq^ening  and  the  microorganisms, 
but  the  conditions  affecting  their  growth,  the  variety  of  species  which 
can  i^roduce  a normal  rij)ening  of  cheese,  whether  different  species  of 
organisms  will  produce  differently  flavored  cheeses,  whether  the  cheeses 
of  the  markets  are  due  to  different  organisms  used  in  the  rix)ening  or 
chiefly  to  different  conditions  under  which  they  are  grown,  are  all  prob- 
lems to  be  settled  before  any  j)ractical  results  can  be  expected.  But 
we  can  confidently  predict  one  result : If  we  ever  succeed  in  reducing 
the  ripening  of  cheese  to  a systematic  process  and  become  able  to  use 
the  proper  species  of  organisms  to  produce  it,  we  may  expect  an  end 
of  the  cases  of  poisonous  cheese  of  which  so  many  instances  are  on 
record.  The  ijoisons  in  these  cheeses  are  due  to  the  growth  of  mis- 
chievous organisms,  and  will  be  avoided  when  we  learn  to  ripen  cheese 
with  pure  cultures  of  the  proper  species  of  bacteria. 

We  may  then,  perhaps,  predict  a time  in  the  not  distant  future  when 
both  the  butter-maker  and  cheese-maker  will  make  use  of  fresh  milk. 
The  butter-maker  will  separate  the  cream  by  the  centrifugal  machine 
in  as  fresh  a condition  as  possible  and  will  add  to  the  cream  an  artifi- 
cial ferment  consisting  of  a pure  culture  of  the  tu’oper  bacteria,  and  then 
ri])en  his  cream  in  the  normal  manner.  The  result  will  be  uniformity. 
The  cheese-maker  will  in  like  manner  inoculate  fresh  milk  with  an  arti- 
ficial ferment,  and  thus  be  able  to  control  his  x>roduct.  Perhaps  he  will 
have  a large  variety  of  such  ferments,  each  of  which  will  produce  for 
him  a definite  quality  of  cheese.  To  the  dairy  interest,  therefore,  the 
bacteriologist  holds  out  the  hope  of  uniformity.  The  time  will  come 
when  the  butter-maker  may  always  make  good  butter  and  the  cheese- 
maker  will  be  able  in  all  cases  to  obtain  exactly  the  kind  of  rix>ening 
that  he  desires. 
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FARMERS’  BULLETINS. 

The  bulletins  of  this  series  may  be  obtained  by  applying  to  the  Sec- 
retary of  Agriculture^  Washington,  D.  0.  The  following  have  been 
previously  issued : 

Farmers’  Bulletin  No.  1.  The  What  and  Why  of  Agricultural  Experiment  Sta- 
tions. (A  brief  explanation  of  the  object,  origin,  and  development  of  the  stations, 
their  work  in  Europe  and  in  the  United  States,  and  the  operations  of  the  Office  of 
Experiment  Stations  of  the  Department  of  Agriculture.)  Prepared  by  the  Office  of 
Experiment  Stations.  Pp.  16.  Issued  June,  1889. 

Farmers’  Bulletin  No.  2.  The  Work  of  the  Agricultural  Experiment  Stations. 
(Illustrations  of  station  work  in  the  following  lines:  Better  cows  for  the  dairy; 
fibrin  in  milk;  bacteria  in  milk,  cream,  and  butter;  silos  and  silage;  alfalfa;  and 
held  experiments  with  fertilizers.)  Prepared  by  the  Office  of  Experiment  Stations. 
Pp.  16.  Issued  June,  1889. 

F’armers’  Bulletin  No.  8.  The  Culture  of  the  Sugar  Beet.  (Treats  of  the  climatic 
conditions,  soil,  fertilizers,  and  cultivation  required  by  the  sugar  beet,  cost  of  grow- 
ing, time  to  harvest,  and  method  of  soiling;  describes  briefly  the  process  of  beet- 
sugar  manufacture,  and  gives  statistics  of  sugar  production  and  consumption.)  By 
H.  W.  Wiley,  chemist  of  tlie  Department  of  Agriculture.  Pp.  24.  Issued  March,  1891. 
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THE  RUSSIAN  THISTLE. 


, BY  L.  H.  DEWEY. 


U.  S.  Department  of  Agriculture, 

Division  of  Botany, 
Washington,  D.  C.,  January  12, 1893. 

Sir:  I have  the  honor  of  transmitting  herewith  a report  on  certain  pernicious  and 
troublesome  weeds  prevailing  in  Minnesota  and  North  and  South  Dakota.  Mr.  L.  H. 
Dewey,  Assistant  Botanist,  was  .sent  out  last  autumn  to  make  observations  and  col- 
lect information  relative  to  the  nature  and  increase  of  these  weeds,  and  to  ascer- 
tain as  far  as  possible  the  best  means  for  their  destruction.  It  is  hoped  that  the 
information  which  he  has  embodied  in  this  bulletin  will  prove  to  be  of  value  to 
farmers  in  the  section  invaded  by  this  pest. 

Respectfully, 

Geo.  Vasey, 

Chief  of  Division, 


Hon.  J.  M.  Rusk, 

Secretary. 


NAME. 

The  Kussian  thistle  or  Russian  cactus  is  really  neither  a thistle  uor 
a cactus.  It  is  a saltwort,  closely  related  to  the  tumbleweed,  goosefoot, 
lamb’s-quarters,  and  pigweed.  Fnder  any  name,  however,  it  is  one  of 
the  worst  weeds  ever  introduced  into  the  wheat-fields  of  America.  To 
the  botanist  it  is  known  as  Salsola  Kali  L.  var.  Tragus  D.  G.  In  some 
parts  of  Russia  it  is  known  as  Tartar  weed  and  Hector  weed.  Saltwort 
is  its  true  English  name,  but  to  the  farmers  of  the  iTorthwest,  who  are 
best  acquainted  with  the  troublesome  plant,  it  will  probably  continue 
to  be  known  as  the  Russian  thistle  until  finally  exterminated. 

DESCRIPTION. 

The  Russian  thistle  is  an  annual,  coming  each  year  from  the  seed. 
It  grows  from  a single  small  light-colored  root  less  than  half  an  inch  in 
diameter  and  6 to  12  inches  long  to  a height  of  6 inches  to  3 feet, 
branching  profusely,  and  when  not  crowded  forms  a dense  bush-like 
plant  2 to  6 feet  in  diameter  and  one-half  to  two-thirds  as  high.  AVhen 
young  it  is  a very  innocent-looking  plant,  tender  and  juicy  through- 
out, with  small,  narrow,  downy,  green  leaves.  Wlien  the  dry  weather 

3 


4 


comes  in  August  this  innocent  disguise  disappears^  the  tender  downy 
leaves  wither  and  fall,  and  the  plant  increases  rapidly  in  size,  sending 
out  hard,  stiff  branches.  Instead  of  leaves  these  branches  bear  at 
intervals  of  half  an  inch  or  less  three  sharp  spines,  which  harden  but 
do  not  grow  dull  as  the  plant  increases  in  age  and  ugliness.  The  spines 
areone-fourth  to  one-half  inch  long.  At  the  base  of  each  cluster  of  spines 
is  a papery  flower  about  one-eighth  of  an  inch  in  diameter.  If  this  be 
taken  out  and  carefully  pulled  to  pieces  a'  small,  pulpy,  green  body, 
coiled  up  and  appearing  like  a minute,  green  snail  shell  will  be  found. 
This  is  the  seed.  As  it  ripens  it  becomes  hard  and  of  a rather  dull  gray 
color.  At  the  earliest  frosts  the  plants  change  in  color  from  dark  green 
to  crimson  or  almost  magenta,  especially  on  the  more  exposed  parts. 
When  the  ground  becomes  frozen  and  the  IS’ovember  winds  blow  across 
the  prairie  the  small  root  is  broken  or  loosened  and  pulled  out.  The 
dense  yet  light  growth  and  circular  or  hemispherical  form  of  the  plant  fits 
it  most  perfectly  to  be  carried  by  the  wind.  It  goes  rolling  across  the 
country  at  racing  speed,  scattering  seeds  at  every  bound,  and  stopping 
only  when  the  wind  goes  down  or  when  torn  to  pieces,  for  there  are  few 
fences  or  forests  to  stop  its  course  in  the  Dakotas. 

The  saltwort  or  Eussian  thistle  appears  more  like  the  common  tum- 
bleweed^^ {Amarantus  albus  L.)  than  any  other  plant  in  the  Northwest. 
It  may  be  readily  distinguished  from  the  tumbleweed  by  the  sharp 
spines  in  clusters  of  three  each,  the  absence  of  flat  leaves,  denser  growth, 
darker  color,  and  by  the  red  color  in  the  fall. 

TROUBLESOMENESS. 

A weed  is  only  a xfiant  out  of  place  or  a useless  plant  taking  the  place 
of  something  useful.  The  Eussian  thistle,  although  rather  pretty  when 
reddened  in  the  fall,  and  useful  for  forage  when  young,  is  always  a 
weed.  It  will  take  possession  of  a field  to  the  exclusion  of  everything 
else,  and  it  draws  from  the  land  a large  amount  of  nourishment  that 
might  otherwise  go  to  make  useful  i)lants.  In  these  respects  it  merely 
partakes  of  the  properties  of  all  weeds  except  that  it  spreads  and  multi- 
plies more  rapidly  and  hence  takes  more  space  and  more  nourishment. 

Some  of  its  special  characteristics  render  this  thistle  much  more 
troublesome  than  other  weeds.  It  is  armed  with  sjiines  quite  as  sharp 
and  much  stronger  than  those  of  common  thistles.  Because  of  these 
it  is  difficult  to  drive  horses  through  a field  where  the  plants  are  abun- 
dant. In  some  sections  the  farmers  find  it  necessary  to  bind  leathers 
about  the  horses’  legs  while  at  work.  Horses  running  in  the  pasture 
are  often  injured  by  having  the  skin  on  their  legs  badly  lacerated.  The 
spines  breaking  off  under  the  skin  cause  festering  sores.  These  sores 
are  caused  by  the  irritation,  however,  not  by  any  poisonous  property 
as  is  frequently  supx)osed.  Hunters  find  difficulty  in  getting  their 
dogs  to  work  weU  for  prairie  chickens  in  the  stubble,  and  the  dogs  are 


sometimes  injured  by  tbe  sharp  spines.  Thrashers  find  it  almost  im- 
possible to  get  gloves  thick  enough  to  keep  the  spines  out  of  their  fin- 
gers, yet  thin  enough  to  work  with. 

The  Eussian  thistle  is  the  worst  rolling  tumbleweed  on  the  prairie, 
and  in  time  of  prairie  fires  is^  easily  blown  across  a fire  break  of  any 
width,  carrying  fire  to  stacks  and  buildings.  The  weeds  bank  up 
against  wire  fences,  causing  them  to  be  blown  over  by  the  force  of  the 
wind,  and  are  sometimes  carried  into  the  groves  on  tree  claims,  making 
it  impossible  to  cultivate.  In  this  way,  by  forming  a mulch,  often  sev- 
eral feet  deep,  they  may  do  some  good.  When  large  and  well  devel- 
oped they  are  bulky  and  stiff,  making  it  very  difficult  to  run  harvesting 
machinery  or  even  a plow.  On  railroad  grades  they  prevent  the  growth 
of  grass  and  other  plants  that  would  keep  the  banks  from  washing. 

ORiaiN. 

The  Eussian  thistle  originated  in  eastern  Europe  or  western  Asia. 
It  has  been  known  in  Eussia  many  years  and  has  quite  as  bad  a repu- 
tation in  the  wheat  regions  there  as  it  has  in  the  Dakotas.  It  was  in- 
troduced in  Bonhomme  County,  S.  Dak.,  about  fifteen  years  ago. 
Eeports  differ  as  to  the  method  of  its  introduction.  There  is  little 
doubt,  however,  that  it  was  first  brought  there  in  very  small  quantities 
in  flaxseed  which  was  imported  from  Europe.  There  is  evidently  no 
foundation  whatever  for  the  theory,  which  is  too  often  related  as  a fact, 
that  it  was  flrst  sown  in  South  Dakota  by  immigrants  either  for  forage 
or  to  inflict  an  injury  on  an  enemy  The  few  plants  grown  from  the 
foreign  seed  grew,  produced  seed,  and  increased  slowly  and  almost  un- 
noticed until  about  six  years  ago  (1886).  They  were  then  thoroughly 
acclimated  and  naturalized  and  seem  to  have  partaken  of  the  conquer- 
ing spirit  of  the  West. 


MODES  OF  DISTRIBUTION. 

The  Eussian  thistles  are  most  wonderfully  adapted  for  spreading 
and  covering  new  territory.  As  tumbleweeds  they  are  carried  for  miles 
by  the  wind,  scattering  seeds  as  they  go.  * By  this  means  alone  they 
often  advance  5 or  10  miles  in  a single  season.  Single  stray  weeds 
may  doubtless  be  blown  much  farther.  The  general  advance  is  in 
the  direction  of  the  prevailing  winds  or  the  most  frequent  high  winds, 
but  the  shifting  breezes  beat  the  plants  about  and  seed  all  the  area  oc- 
cupied. In  many  localities  where  a few  plants  were  first  seen  four  or 
five  years  ago  every  spot  of  land  where  the  sod  has  been  broken  is 
now  occupied.  On  every  badger  burrow  and  overfed  spot  in  the  prai- 
rie; on  every  roadvside,  railroad  embankment,  fire  break,  and  neglected 
garden ; on  every  field  of  early- j)lo wed  land  or  stubble  may  be  seen  a 
patch  of  thistles.  The  seeds  are  not  here  and  there,  as  with  Eastern 
weeds,  but  they  are  everywhere.  The  few  plants  introduced  four  or 
five  years  ago  have  seeded  the  land  for  miles  in  every  direction. 
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Plants  are  carried  long  distances  on  the  railroads  by  stealing  rides 
on  the  brake-roads  and  on  the  engine.  They  are  also  carried  in  the  bed- 
ding or  earth  in  stock  cars.  The  seed  is  carried  in  flaxseed  to  consid- 
erable extent,  but  in  none  of  the  other  grains  raised  in  the  West. 

Wherever  the  plants  or  seeds  thus  carried  by  man  are  dropped  they 
make  new  centers  of  growth,  from  which  they  may  be  scattered  to  the 
surrounding  country  by  the  wind.  They  grow  larger  and  more  abun- 
dant some  years  than  others,  but  even  during  their  ofl'  years  they  keep 
on  spreading  over  new  territory. 

AREA  COVERED. 

The  Kussian  thistles  are  now  (1802)  more  or  less  abundant  over  all 
the  region  between  the  Missouri  and  “ Jim  ” rivers  in  South  Dakota 
and  extending  into  North  Dakota  as  far  as  the  second  tier  of  counties. 
They  are  found  east  of  the  Jim’^  Eiver  along  nearly  every  railroad, 
but  have  not  yet  become  thick  enough  to  be  really  troublesome  in  many 
places  east  of  the  Jim  ” Eiver  Yalley.  About  30,000  square  miles  are 
infested  with  the  weed,  and  it  is  abundant  and  really  troublesome  over 
about  two-thirds  of  this  area. 

There  are  many  scattered  localities  in  States  farther  east  where  the 
thistles  have  been  introduced  but  have  not  yet  become  abundant 
enough  to  cause  much  alarm.  There  are  a few  plants  around  the 
elevators  and  stock  yards  between  Minneapolis  and  St.  Paul,  and  an 
occasional  one  may  be  found  along  the  Northern  Pacific  Eailroad  north- 
west of  Minneapolis.  Where  this  road  crosses  Gull  Eiver,  in  Todd 
County,  Minn.,  quite  a number  of  the  thistles  are  growing.  There  are 
a few  plants  along  the  Chicago,  Milwaukee  and  St.  Paul  Eailroad  just 
east  of  Sioux  City,  Iowa. 

The  real  Eussian  thistle  is  not  known  west  of  the  Missouri  Eiver.  Tn 
the  Black  Hills,  in  South  Dakota,  and  in  many  parts  of  Nebraska  there 
is  a saltwort  {Salsola  Tcali  L.)  which  looks  very  much  like  the  Eussian 
thistle,  but  it  is  confined  almost  exclusively  to  saline  localities  and,  so 
far,  it  has  shown  but  little  tendency  to  spread  and  become  troublesome. 
This  plant  is  also  found  in  the  tidewater  region  of  the  Atlantic  coast, 
and  it  is  probably  this  comparatively  harmless  form  that  is  found  in 
some  parts  of  Wisconsin. 

DAMAGE  DUE  TO  THE  RUSSIAN  THISTLE. 

In  the  badly  infested  area  more  than  640,000  acres  are  devoted  to 
wheat-raising.  The  average  loss  on  this  land  that  may  be  attributed 
to  the  Eussian  thistle  alone  can  not  be  less  than  5 bushels  per  acre, 
and  3,200,000  bushels  of  wheat  at  the  minimum  price  of  50  cents  per 
bushel  (which  is  considerably  less  than  the  average  price)  indicates 
a loss  to  the  farmers  in  the  two  Dakotas  of  $1,600,000.  The  loss  in 
other  crops,  the  injuries  caused  by  the  spines  and  the  fires  caused  by 
the  plants  jumping  fire-breaks  will  bring  the  total  loss  to  something 
more  than  $2,000,000  for  the  year  1892. 
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These  figures  may  seem  alarmiug,  but  they  are  based  on  conserva- 
tive estimates.  If  they  are  alarming  to  the  farmers  it  is  well,  for  it 
is  only  when  alarmed  that  most  men  will  take  effective  measures  to 
avoid  danger. 

CONDITIONS  FAVORABLE  OR  UNFAVORABLE  TO  GROWTH. 

Eussiaii  thistles  grow  best  on  high  and  dry  land,  where  they  are  not 
too  much  crowded  by  other  plants.  They  are  seldom  seen  in  sloughs 
or  low  land  and  make  no  x)rogress  in  the  native  i)rairie  except  where 
the  sod  has  been  broken  by  badger  burrows,  or  by  overfeeding  and 
tramping  of  cattle  on  some  of  the  ranges.  They  are  less  numerous 
and  robust  in  wet  seasons  than  in  dry  ones,  not  so  much  because  they 
can  ixfot  stand  wet  weather,  but  because  they  are-  more  crowded  by 
other  plants.  ,Some  Eussian  thistles  growing  on  the  bank  of  an  irri- 
gating ditch,  with  their  roots  almost  in  the  water,  made  a larger  and 
more  vigorous  growth  in  the  dry  season  of  1891  than  others  about 
them  in  dry  soil.  At  Minneapolis  this  year  (1892)  the  rainfall  was  45 
inches  before  the  end  of  September,  yet  the  few  thistles  there  were 
growing  well. 

The  thistles  appear  to  grow  equally  well  in  alkaline  soil  and  in  soil 
that  is  not  alkaline  at  all.  So  far  as  the  amount  of  rainfall  or  alkaline 
quality  of  the  soil  is  concerned  the  Eussian  thistle  may  grow  anywhere 
in  the  temperate  zone. 

The  absence  of  trees  and  fences,  the  strong  winds,  and  the  methods 
of  farming  are  particularly  favorable  to  its  distribution  and  growth  in 
the  Northwest.  Wheat  after  wheat,  with  an  occasional  barren  (or 
weedy)  fallow,  but  no  cultivated  or  hoed  crops,  gives  but  little  oppor- 
tunity to  clear  the  land  of  troublesome  plants.  A few  very  profitable 
crops  have  induced  the  farmers  to  break  up  more  land  than  they  can 
work  well.  Wheat  is  sown  over  a large  number  of  acres,  sometimes 
merely  drilled  in  on  the  furrow,  or  even  in  unplowed  stubble  land,  and 
very  frequently  sown  with  insufficient  cultivation  of  the  soil.  Where 
whole  sections  or  even  townshii)s  are  one  continuous  wheat  field,  an 
acre  here  and  there  grown  up  to  weeds,  so  as  to  be  not  worth  the  har- 
vesting, does  not  seem  to  cut  much  figure  in  the  total  amount,  and  the 
weeds  are  allowed  to  grow  and  rii^en  seed  to  cover  a larger  area  the 
next  year.  The  thistles  begin  to  grow  large  and  coarse  and  to  ripen 
seed  soon  after  harvest;  but  at  this  time,  when  they  most  need  atten- 
tion, the  farmer  finds  it  difficult  to  get  helji  enough  to  secure  his  wheat 
croi),  and  the  weeds  are  left  to  take  care  of  themselves,  which  they  do 
to  perfection. 

Plowing  in  the  spring  or  early  summer  is  especially  favorable  to  the 
growth  of  the  Eussian  thistles,  since  they  can  get  a good  start  in  July 
and,  being  able  to  stand  dry  weather  better  than  other  plants,  they 
take  complete  possession  of  the  soil.  Land  broken  up  in  spring  or 
early  summer  is  liable  to  be  covered  with  the  plants  in  August,  for  the 
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seed  is  everywhere  in  the  i^rairie  grass  and  only  waits  for  the  sod  to  be 
broken  that  it  may  grow. 

A hard  frost  early  in  the  fall  kills  many  Enssian  thistles  before  the 
seeds  are  ripened  and  therefore  reduces  the  number  of  plants  the  fol- 
lowing season.  The  comparative  decrease  in  the  number  of  plants 
during  the  present  season  is  doubtless  due  to  an  early  frost  in  the  fall 
of  1891.  The  small  size  and  less  vigorous  growth  is  due  to  the  exces- 
sive rains  early  in  the  season. 

WILL  NOT  RUSSIAN  THISTLES  HIE  OUT  OF  THEMSELVES? 

This  question  is  frequently  asked,  and  there  really  seems  to  be  some 
grounds  for  the  hope.  In  every  locality  the  plant  is  less  troublesome 
this  year  (1892)  than  it  was  last  year.  Causes  for  this  have  just  been 
given.  In  many  instances  it  has  been  noticed  that  in  small  patches, 
where  the  ground  has  become  thoroughly  seeded  with  the  pests,  they 
come  up  too  thick  to  grow  in  their  ordinary  spreading  habit,  and,  be- 
coming slender  and  spindling,  are  quite  unfit  to  roll  about  as  tumble- 
weeds. There  is  no  record,  however,  of  their  becoming  so  thick  over 
any  large  area  that  some  plants  did  not  find  room  to  develop  into  very 
good  tumbleweeds.  What  is  true  of  small  patches  is  only  partially  true 
of  large  areas. 

There  are  a few  examples  known  where  foreign  weeds  have  been  in- 
troduced into  this  country  and  have  spread  so  rapidly  as  to  cause  con- 
siderable alarm  for  a few  years,  and  afterwards  have  died  out  of  them- 
selves, or,  at  least,  have  ceased  to  cause  trouble.  There  are  numerous 
instances  where  weeds  have  been  troublesome  for  many  years  and  are 
still  causing  trouble  in  all  infested  regions  except  where  the  farmers,  by 
combined  action  and  determined  effort,  have  exterminated  them.  There 
is  indeed  a possibility  that  the  Eussian  thistle  may  die  out  of  itself,  but 
there  is  a greater  probability  that  it  will  not  only  continue  to  grow,  if 
allowed  to  do  so,  and  to  cause  much  damage  in  its  present  area,  but  that 
it  will  spread  elsewhere.  There  is  a certainty  that  if  thorough  meas- 
ures be  taken  to  stamp  it  out  of  existence  it  may  be  killed  and  will 
cease  to  be  troublesome  anywhere. 

REMEDIES. 

Plow  in  August  or  early  September,  before  the  Eussian  thistles  have 
grown  large  and  stiff*  and  before  they  have  gone  to  seed,  using  care 
that  all  weeds  are  well  turned  under.  If  the  season  be  long  and  weeds 
come  through  the  furrow  it  may  be  necessary  to  harrow  the  land  before 
winter.  Burn  over  stubble  fields  as  soon  as  possible  after  harvest. 
Out  the  stubble  with  a mowing  machine  if  the  fire  does  not  burn  every- 
thing clean  without  cutting. 

Cutting  the  stubble  and  thistles  before  the  latter  have  gone  to  seed 
will  help,  but  is  not  thoroughly  effective  without  fire,  as  the  thistles  will 
send  out  branches  below  where  the  mowing  machine  cuts  them. 
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If  tlie  weeds  have  been  neglected  and  have  grown  large  and  rigid,  as 
they  do  by  the  middle  of  September,  especially  on  neglected  barren  fal- 
low or  spring-plowed  breaking,  they  may  be  raked  into  windrows  and 
burned.  The  old-fashioned  revolving  hayrake  or  any  rake  made  espe- 
cially strong  so  as  to  pull  the  weeds,  and  especially  good  at  clearing 
itself  in  dumping,  will  answer  the  purpose.  An  ordinary  wheel  hay- 
rake  with  a set  of  strong  teeth  has  been  used  successfully.  This  method 
is  to  be  recommended  only  as  a last  resort,  for  by  the  last  of  Septem- 
ber some  of  the  seeds  will  be  ripe  enough  to  shell  out  and  will  escape 
being  burned  with  the  plants.  If  left  until  October,  when  many  of  the 
plants  are  certain  to  be  fully  ripe  and  dry,  the  land  where  they  are 
growing  will  be  well  seeded  any  way  5 but  raking  together  and  burning 
the  weeds  will  prevent  their  being  blown  across  neighboring  fields  dur- 
ing the  winter.  Of  course  care  should  be  taken  to  do  this  work  when 
there  is  little  wind,  for  a burning  Eussian  thistle  before  the  wind  will 
jump  any  fire-break  and  carry  both  seeds  and  fire. 

Barren  fallowing  does  very  well  if  kept  barren  by  thorough  cultiva- 
tion. It  gives  but  little  benefit  to  the  land,  however.  A much  better 
method  is  to  sow  clover,  millet,  or  rye,  pasture  it  and  plow  it  under 
green.  This  will  be  beneficial  to  the  land,  especially  if  a comparatively 
large  proportion  of  clover  is  used,  and  the  weeds  will  be  choked  out. 
Millet  and  oats  combined  may  be  grown  and  cut  for  hay.  This  crop 
will  choke  out  nearly  all  the  weeds,  and  the  few  that  do  grow  will  be 
too  slender  to  cut  any  figure  as  tumbleweeds. 

Corn,  potatoes,  beets,  or  any  cultivated  crop,  tvell  taken  care  of]  will 
in  two  years  rid  the  land  of  not  only  the  Russian  thistles,  but  nearly 
all  other  weeds. 

Sheep  are  very  fond  of  the  Eussian  thistle  until  it  becomes  too  coarse 
and  woody.  By  pasturing  the  sheep  on  1 he  young  plants  they  may  be 
kept  down  and  the  only  valuable  quality  the  plant  has  may  be  utilized. 

In  fields  where  the  weeds  are  thick  drag  with  an  iron  harrow,  hitch- 
ing  the  team  on  by  a long  chain.  As  soon  as  the  harrow  is  full  of 
weeds  set  fire  to  them  and  keep  dragging  and  burning.  This  scheme, 
although  apparently  somewhat  chimerical,  has  actually  been  tried  with 
success. 

If  the  Russia  thistle  is  to  be  kept  out  of  the  cultivated  fields  it  must 
be  exterminated  along  roadsides,  railroad  grades,  fire  breaks,  waste 
land  where  the  sod  has  been  broken,  and,  in  fact,  in  all  accidental  places 
where  it  may  have  obtained  a foothold. 

The  ordinary  road  machines  may  be  used  to  advantage  along  the 
roadsides,  the  scraper  being  set  so  as  to  take  as  thin  a layer  of  earth 
as  possible  and  throw  weeds  and  all  to  the  middle  of  the  track.  A sin- 
gle trip  each  way  with  the  road  machine  would  be  sufficient  in  nearly 
all  places  to  take  the  weeds  between  the  beaten  track  and  the  prairie 
grass,  so  that  15  to  20  miles  a day  could  be  easily  cleaned.  If  this 
work  be  done  in  August,  before  the  Russian  thistles  become  too  large 
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and  stiff,  the  work  of  the  road  scraper  will  be  sufficient.  Going  over 
with  a heavy  roller,  however,  would  not  only  improve  the  road,  but 
would  crush  the  weeds  so  that  no  occasional  mature  plant  would  be 
blown  away.  If  the  work  is  put  off  until  September  the  weeds  should 
be  raked  together  and  burned. 

On  fire  breaks,  railroad  grades,  and  odd  places  these  and  other  nox- 
ious weeds  may  be  killed  by  a judicious  use  of  the  mowing  machine, 
scythe,  hoe,  rake,  and  fire. 

RECOMMENDATIONS. 

Place  a Eussian  thistle  in  each  school-house,  so  that  the  pupils  may 
become  familiar  with  it,  and  teach  them  to  kill  it  wherever  they  find  it 
as  they  would  kill  a rattlesnake. 

Permit  no  Eussian  thistle  to  go  to  seed.  The  plant  is  an  annual; 
the  seeds  are  evidently  short-lived;  hence  if  no  plants  are  permitted  to 
go  to  seed  for  two  years  the  weed  will  in  all  probability  be  extermi- 
nated. 

Let  no  one  break  up  more  land  than  he  can  take  care  of  or  more  than 
he  can  properly  cultivate. 

Let  each  faimer  first  keep  down  all  the  weeds  on  his  own  farm  and 
then  insist  that  his  neighbor  do  likewise. 

A little  careful  legislation  that  will  touch  up  the  careless  farmer,  the 
nonresident  landowner,  and  the  railroad  companies  would  aid  consid- 
erably in  the  solution  of  the  question. 

Be  careful  that  all  seed  sown  be  as  pure  and  clean  as  the  modern 
fanning-mill  can  make  it.  Use  especial  care  in  regard  to  flaxseed  and 
millet  or  any  of  the  smaller  and  lighter  seeds. 


. S.  Department  of  Agriculture,  Farmers’  Bulletin  No.  10. 


Plate  I. 


Mature  Russian  Thistle. 
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Plate  II. 


Russian  Thistle  before  Flowering. 


NOTES  ON  OTHER  TROUBLESOME  WEEDS. 


MUSTARD  FAMILY. 

Many  species  of  tlie  mustard  family  are  very  troublesome  in  the 
wheat-growing  region.  The  plants  themselves  are  very  hardy,  starting 
early  in  the  spring  and  withstanding  the  cold  until  late  in  the  fall. 
Many  of  them  produce  seed  during  the  greater  part  of  the  season. 
The  seeds  are  abundant  and  small,  but  have  wonderful  vitality,  some- 
times remaining  dormant  in  the  ground  several  years  and  then  growing 
when  brought  near  the  surface  by  the  plow. 

The  most  troublesome  species  belonging  to  this  family  are  the  wild 
mustard  (Brassica  Sinapistrum  Boiss),  treacle  mustard  or  Western  wall- 
flower {Brysimmn  asperum  D.  0.),  wormseed  mustard  (Erysimum  chei- 
ranthoides  L.),  false  flax  (Camelma  sativa  Crantz),  Shepherd’s  purse 
(Capsella  Bursapastoris  Moench.),  penny- cress  or  French-weed  (Thlaspi 
arvense  L.),  and  peppergrass  (Lepidium  intermedium  Gray).  These  are 
all  annuals,  and  grow  only  in  cultivated  land  or  where  the  sod  lias  been 
broken.  Wild  mustard,  penny-cress,  and  peppergrass  are  more  trouble- 
some than  the  others  in  Minnesota  and  the  Dakotas. 

Remedies. — For  the  larger  mustards  in  grain  crops  hand-pulling  is 
the  most  practical  remedy.  If  the  land  has  become  pretty  thoroughly 
seeded,  plow  rather  shallow  and  put  in  corn,  beans,  potatoes,  or  beets, 
or  some  cultivated  crop.  Cultivate  the  land  as  deep  as  it  was  plowed, 
so  that  all  the  seeds  in  the  soil  may  be  brought  near  the  surface  and 
have  an  opportunity  to  germinate  some  time  during  the  season.  Of 
course,  care  should  be  taken  to  iirevent  plants  from  ripening  seed  in 
the  fall  when  the  crops  have  been  removed  and  the  land  is  usually  neg- 
lected. One  season,  if  the  work  is  well  done,  may  be  sufiicient  to  clear 
the  land  of  weed  seeds ; but  cultivation  for  two  years  in  succession  is 
certain  to  be  effectual. 


PULSE  FAMILY. 

Wild  licorice  (Glycyrrhiza  lepidota  Nutt.). — This  is  probably  one  of 
the  most  troublesome  members  of  this  family  in  the  Northwest.  The 
plant  grows  2 to  3 feet  high  from  a perennial  root,  which  is  sweet  fco  the 

11 


12 


taste.  The  leaves  are  compound,  like  those  of  the  locust,  with  fifteen  to 
nineteen  leaflets.  The  pods  are  nearly  an  inch  long,  of  a dark-brown 
color  at  maturity,  and  are  beset  with  hooked  prickles. 

This  plant  grows  mostly  in  the  native  prairie  sod,  but  is  nowhere  very 
abundant.  It  is  classed  as  a noxious  weed  because  the  prickly  pods 
stick  in  sheep’s  wool  and  in  the  manes  and  tails  of  horses.  Cutting  or 
pulling  the  plants  are  perhaps  the  best  remedies.  Salt  or  coal  oil  on 
the  roots  may  aid  in  killing  them. 

ROSE  FAMILY. 

Wild  rose  (i^om  hlanda  Ait.).— A perennial,  woody  plant  1 to  3 feet 
high,  too  well  known  to  need  description.  It  gives  great  beauty  to  the 
landscape  in  June,  and,  although  it  must  injure  the  wheat  to  some  ex- 
tent both  in  yield  and  grade,  the  farmers  do  not  complain  much  about 
it.  They  seem  to  prefer  to  lose  a little  wheat  rather  than  call  a rose 
a noxious  weed. 

The  rose  is  abundant  in  wheat-fields  and  also  in  the  native  prairie. 
It  is  very  hardy  and  deep-rooted,  and  withstands  cultivation  wellj  but 
deep  plowing  and  thorough  cultivation  Avith  corn,  beans,  or  some  culti- 
vated crop  will  subdue  it. 

COMPOSITE  FAMILY. 

Eosinweed  (Grindelia  squarrosa  Dunal.).— A sticky,  branching, 
perennial  or  biennial  herb  2 to  3 feet  high,  with  spherical  heads  and  yel- 
low blossoms.  It  grows  in  the  native  prairie,  often  so  thick  as  to  check 
the  growth  of  grass. 

Goldenrod  {Solidago  rugosa  Mill.;  S.  nemoralis  Ait.,  and /S'.  Cana- 
densis L.).— The  Goldenrods  are  too  well  known  to  need  description. 
They  are  seldom  regarded  as  troublesome  weeds,  but  these  three  species 
often  grow  so  thickly  in  the  native  prairie  as  to  materially  injure  the 
pasture. 

Marsh-elder  (^Iva  xantJiiifolia  Hutt.). — This  is  an  annual  herbaceous 
plant,  growing  5 to  10  feet  high,  and  apiiearing  very  much  like  the  great 
ragweed  {Amhrosia  trifida).  It  takes  complete  possession  of  the  land 
if  allowed  to  do  so,  even  contending  successfully  against  the  native 
prairie  grass.  In  the  wheat-fields  it  does  considerable  damage  unless 
the  growth  of  wheat  is  vigorous  enough  to  choke  it  down  early  in  the 
season. 

Eagweed  {Amhrosia  artemisicefolia  L.;  A.  trifida  h.,  and  A.  ]gsilo- 
stachya  D.  0.). — These  are  well-known  plants.  The  first  two  are  annuals 
and  more  abundant  in  the  North  than  the  third,  Avhich  has  slender  run- 
ning rootstocks.  They  grow  mostly  in  cultivated  land,  or  at  least  where 
they  do  not  have  to  contend  against  the  prairie  grasses,  and  often  cause 
considerable  loss  in  the  AAdieat  fields,  especially  where  the  wheat  is  slow 
in  starting  in  the  spring. 
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OoCKLEBUR  {Xanthium  Canadense  Mill.). — This  is  one  of  the  worst 
weeds  from  Kansas  and  Nebraska  to  southern  Minnesota  and  South 
Dakota.  It  grows  in  cultivated  land,  and  makes  good  headway  even 
in  the  native  prairie.  The  prickly  burs  are  very  troublesome  in  regions 
where  sheep  are  grazing. 

Wormwood  {Artemisia  Mennis  Wild.). — Three  or  four  species  ot 
wormwood  are  very  common  in  Minnesota  and  the  Dakotas,  but  the  tall, 
slender,  dark-green  biennial  wormwood  seems  to  be  the  most  trouble- 
some. It  takes  possession  of  the  land  in  wheat  fields  where  the  wheat 
is  partly  killed  out  or  is  slow  in  starting. 

Remedies. — For  those  members  of  the  composite  family  that  are 
troublesome  in  pasture  land,  mowing  before  they  go  to  seed,  usually  in 
July  or  August,  will  subdue  them,  and  if  kept  down  two  or  three  years 
in  succession  the  grass  will  become  thick  enough  to  choke  out  the  few 
remaining  plants. 

For  cultivated  lands  a little  more  thorough  cultivation  and  less 
neglect  during  the  last  of  the  season  will  be  found  effectual. 

AMARANTH  FAMILY. 

Tumbleweed  {Amarantus  albus,  L.). — This  weed  is  too  well  known 
to  need  description.  In  habit  and  general  appearance  it  is  like  the 
Eussian  thistle,  but  is  less  dense,  riiiens  seed  earlier,  has  smaller  and 
less  rigid  spines,  and  bleaches  to  a lighter  color  when  it  dries.  The 
seeds  are  flattened,  black,  and  shining,  and  not  more  than  one-twentieth 
of  an  inch  in  diameter.  Most  of  the  remedies  given  for  the  Eussian 
thistle  may  be  applied  to  this  weed,  but  it  must  be  remembered  that 
this  is  mature  and  off‘  before  the  wind,  and  seeding  the  land  a month 
earlier  than  the  saltwort. 


GOOSEFOOT  FAMILY. 

Lamb’s-QUARTERS,  pigweed  {Gheyiopodium  album  L.). — An  erect, 
branching,  herbaceous  plant  2 to  I feet  high,  from  an  annual  root.  The 
flowers  are  small,  green,  and  densely  clustered  in  spikes.  The  leaves 
are  more  or  less  toothed  on  the  margins,  and  the  whole  plant  is  mealy. 
It  grows  mostly  in  uncultivated  or  waste  land.  Hand  pulling  or  thor- 
ough cultivation  will  readily  subdue  it. 

Winged  pigweed  {Gycloloma  platypJiyllum  Moquin.). — A coarse, 
much-branched,  annual,  herbaceous  plant,  blown  about  in  the  fall  as  a 
tumbleweed.  The  leaves  are  narrow  and  sinuate-toothed  like  those  of 
the  dandelion.  The  fruits  have  a continuous,  membranaceous  ring 
about  them  so  that  they  may  be  carried  by  the  wind  to  some  extent 
independently  of  the  plant.  It  grows  only  in  cultivated  land  or  waste 
places  where  the  sod  has  been  broken.  Preventing  the  plants  going 
to  seed  will  soon  subdue  them. 

Eussian  thistle,  saltwort  {Salsola  Kali  L.  var.  Tragus  D.  C.).— 
This  troublesome  weed  is  mentioned  here  only  as  a member  of  the 
goosefoot  family. 


14 


BUCKWHEAT  FAMILY. 

Dock  {Rumex  salicifolius  Weiiimann,  B.  ohtusifolius  L.  and  R.  Cris- 
Xms  L.). — Coarse  perennial  herbs,  too  common  in  cultivated  fields.  The 
seed  ripens  at  about  the  same  time  as  spring  wheat  and  usually  comes 
from  the  thrashing  machine  with  the  grain.  It  is  doubtless  often  sown 
with  wheat  unless  the  seed  wheat  is  carefully  cleaned. 

Remedies. — Clean  seed,  hand  pulling  or  grubbing  with  a mattock, 
and  thorough  cultivation.  In  small  patches  salt  or  kerosene  on  the 
roots  may  have  the  desired  effect. 

Black  bindweed  (Polygonum  convolvulus  L.). — This  is  a slender, 
climbing,  herbaceous  vine  common  throughout  the  wheat-growing  re- 
gions all  through  the  West.  It  injures  the  yield  and  the  grade  of 
wheat  and  often  binds  the  grain  together,  making  it  impossible  for  the 
harvesting  machines  to  do  good  work.  The  black  triangular  seeds  are 
ripened  about  the  same  time  as  the  spring  wheat,  and  being  but  little 
smaller  than  the  wheat  kernel,  often  appear  in  the  grain  as  it  comes 
from  the  thrashing  machine. 

Remedies. — Clean  seed,  fall  plowing,  and  thorough  fitting  of  the 
ground.  If  the  bindweed  is  very  abundant  put  in  a cultivated  crop  or 
a crop  of  millet  and  clover,  to  be  turned  under  for  green  manuring. 

GRASS  FAMILY. 

Barn-grass  (Panieum  crusgalli  L.). — This  is  a coarse  annual  grass 
2 to  3 feet  high,  with  a panicle  of  three  to  eight  dense  spikes  and  1 to 
2 inches  long.  In  the  western  form  the  panicle  is  almost  always  dark 
colored  or  nearly  black  at  maturity,  and  the  spikelets  are  short-awned 
or  awnless. 

In  wet  seasons  it  takes  i^ossession  of  the  land  where  the  wheat  is 
slow  in  starting  and  either  chokes  it  out  entirely  in  low  places  or  greatly 
reduces  the  yield  and  the  grade.  The  seed,  although  less  than  one- 
half  as  large  as  the  wheat  kernel,  often  comes  from  the  thrashing  ma- 
chine with  the  grain.  A little  more  careful  screening  would  readily 
take  it  out  and  save  the  farmer  considerable  in  the  price  of  thrashing. 

Remedies. — Where  it  is  thick,  mow  before  it  goes  to  seed.  Tile-drain 
low  places  where  the  value  of  the  land  will  warrant  it. 

Sand-bur,  bur-grass  (Cenehrus  tribuloides  L.). — This  little  grass, 
with  its  sharp,  spiny  burs,  is  well  known.  It  is  found  in  all  parts  of 
the  United  States  except  the  high  mountain  regions,  but  is  especially 
abundant  and  troublesome  from  Ohio  to  Kansas  and  Nebraska,  extend- 
ing into  South  Dakota  and  Minnesota.  Its  character  as  a noxious 
weed  is  due  to  the  spiny  burs  which  render  it  exceedingly  trouble- 
some in  sheep’s  wool.  It  is  an  annual,  and  may  be  subdued  in  fields 
by  cultivation  or  burning.  To  exterminate  it,  however,  it  must  be 
prevented  from  going  to  seed  in  waste  places. 

Porcupine-grass,  needle-grass  (Stipa  spartea  Trin.). — A rather 
stout,  erect  grass  2 to  3 feet  high,  with  strong,  twisted  awns  3 to  6 
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inclies  long,  growing  in  tufts  or  small  bundles,  usually  on  rather  dry 
knolls. 

The  sharp  beak  to  the  fruit  and  the  retrorsely  barbed  awn  cause  it 
to  work  into  sheep’s  wool  and  even  pierce  the  skin,  producing  bad 
sores  and  not  infrequently  causing  death.  In  hay  the  awned  spikelets  . 
are  very  troublesome  to  horses,  working  into  the  nostrils,  where  the  . 
moisture  causes  the  awns  to  untwist,  producing  a very  disagreeable 
irritation. 

The  spikelets  ripen  and  fall  in  June,  so  that  the  grass  must  be 
mowed  early  to  prevent  its  going  to  seed.  Where  this  grass  is  thick 
it  would  be  advisable  to  plow  up  the  land  and,  after  subduing  it  with 
one  or  two  cultivated  crops,  seed  it  with  something  more  valuable  than 
porcupine  grass. 

Couch-grass,  quick-grass,  quack-grass  (Agropyrum  repens, 
Beauv.). — This  grass  is  very  similar  in  appearance  to  tlie  wheat  grass 
of  the  prairies,  forming  heads  like  the  wheat  grass,  but  seldom  pro- 
ducing mature  seed.  It  may  be  distinguished  by  its  long,  white  root 
stocks,  by  which  it  is  usually  propagated.  These  root  stocks  are  very 
tenacious  of  life  and  if  broken  to  pieces  every  piece  is  likely  to  grow  if 
left  in  the  ground.  Ordinary  plowing  and  cultivation  in  the  early  part 
of  the  season  helps  to  disseminate  it  and  improve  its  growth  rather 
than  subdue  it. 

Throw  the  plow  or  cultivator  out  of  the  ground  in  crossing  a patch 
of  quack-grass  in  the  field  or  small  pieces  of  the  rootstocks  will  be 
carried  to  scatter  the  grass  to  other  places.  Salt  and  sheep  will  sub- 
due it.  Fall  plowing  to  turn  the  roots  to  the  frost  will  check  it.  Plow 
deep,  drag  out  the  roots,  and  burn  them.  Follow  any  method  by  abso- 
lutely clean  cultivation  for  the  entire  season. 

Squirrel-tail,  wild  barley  {Hordenm  juhatum  L.). — This  grass 
is  common  throughout  the  region  west  of  the  JVIississippi  River.  It  is 
a bad  pest  in  pasture  and  grass  laud,  as  it  is  worthless  itself  and  it 
takes  possession  of  the  land  best  adapted  to  the  production  of  the 
most  nutritious  grasses. 

Mowing  before  it  goes  to  seed  may  check  its  growth  and  will  at  least 
prevent  its  spreading.  Cultivation  and  reseeding  is  the  only  sure 
method  of  getting  rid  of  it. 

GENERAL  REMEDIES. 

Do  all  that  is  possible  to  prevent  weeds  from  going  to  seed. 

Be  sure  that  all  seed,  especially  flax,  oats,  and  grass  seed,  be  thor- 
oughly cleaned  before  it  is  sown  on  the  land. 

Fit  the  land  thoroughly  so  that  wheat,  oats,  or  rye  may  have  as  a 
good  a chance  to  grow  as  the  weeds  that  are  already  in  tlie  soil. 

When  cultivated  or  lioed  crops  are  raised,  culti^  ate  them  well  and 
do  not  allow  a crop  of  weeds  to  grow  after  the  corn  or  potatoes  have 
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been  taken  off.  If  tlie  fertility  of  the  soil  and  the  length  of  the  season 
will  warrant  two  crops  in  a single  year,  let  both  crops  be  usefnl. 

A crop  of  weeds  turned  under  green  enriches  the  soil  and  decreases 
the  store  of  weed  seeds  by  at  least  so  many  as  the  number  of  plants 
•turned  under,  while  a crop  of  weeds  grown  to  maturity  drains  the  soil 
of  fertility  and  adds  many  times  the  number  of  plants  to  the  store  of 
seeds  for  future  weeds. 

DESCRIPTION  OF  PLATES. 

Plate  I.  Branch  from  Russian  thistle,  showing  the  appearance  of  the  plant  when 
the  seeds  are  mature:  a,  Branch  from  a young  plant,  showing  the  appearance  be- 
fore the  dry  season ; &,  Mature  seed  enlarged  five  times. 

Plate  II.  Branch  of  Russian  thistle,  showing  the  appearance  before  flowering  and 
before  the  spiney  branchlets  have  elongated : a.  Spines  enlarged ; &,  Young  grain 
with  the  covering  removed,  enlarged  about  seven  times ; c.  Blossom  removed  from 
the  axil  and  viewed  from  below,  enlarged  about  four  times  j d,  Section  of  fruit- 
ing calyx,  side  viewj  e,  Same,  seen  from  above. 
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THE  RAPE  PLANT:  ITS  HISTORY,  CULTURE,  AND  USES. 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  Exj’eriment  Stations, 

n\(shinfilon,  D.  C.,  Maij  22,  1893. 

Sir  : I hare  the  honor  to  transmit  herewith,  for  publication  as  a Earmers’  Bulletin, 
an  account  of  the  history,  culture,  and  uses  of  the  rape  plant,  prepared  by  Thomas 
Shaw,  professor  of  agricnlture  in  the  Ontario  Agricultural  College,  who  has  con- 
ducted a number  of  important  experiments  with  this  plant,  and  has  carefully  studied 
the  requirements  for  its  cnlture  in  North  America.  There  is- good  reason  to  suppose 
that  in  many  seel  ions  of  the  United  States  it  would  be  a useful  addition  to  the  crops 


now  grown. 

Kespcctfully, 


Hon.  J.  Sterling  Morton. 

Secretary  of  Ayriculture. 


A.  W.  Harris, 

Director, 


NEED  OF  THE  RAPE  PLANT  IN  THE  UNITED  STATES. 

Indian  corn  is  iiiKiiicstionably  one  of  the  most  useful  foc^ler  plants 
ever  bestowed  by  a kind  Providence  on  the  inhabitants  of  any  country, 
and  its  value  in  this  res})ect  continually  increases  with  the,  multiplica- 
tion of  silos.  This  continent,  with  its  dry  and  hot  summers,  would  be 
immeasurably  worse  off  than  it  is  for  fodder  supplies  ip  the  autumn 
when  the  jiastures  fail  were  it  not  for  the  abundance  Avith  which  corn 
can  be  produced.  But  there  is  still  a season  after  the  corn  has  beep 
harvested,  and  before  the  setting  in  of  winter,  during  which  we  must 
deiiend  solely  upon  grass  as  a source,  of  food  for  opr  flocks  and  herds; 
otherwise  we  must  draw  upon  Avinter  stores  to  feed  them.  The  need  ot 
some  usefni  fodder  plant  that  will  furnish  abundant  supplies  of  nutri- 
tiqus  pasture  at  that  season  has  long  biTii  recognized,  more  es])ecially 
by  th(‘  farmers  of  tlie  East,  AAdiere  the  ])astni  e grounds  are  much  more 
circumscribed  than  in  the  great  AV^est.  And  this  want  has  been  more 
severely  felt  in  the  case  of  sheep  than  in  that  of  cattle,  owing  to  the 
greater  difficulty  in  providing  them  Avith  suitable  supplemental  foods 
at  that  season.  In  cousepuence,  millions  of  sheep  and  lambs  are  put 


4 


upon  a slaughter  market  during  the  autumn  months  in  an  unfinished 
condition,  to  the  great  loss  of  the  owners,  and  in  the  end  to  the  great 
loss  of  the  nation. 

In  the  judgment  of  the  writer,  the  Dwarf  Essex  rape  is  a plant  which 
can  be  easily  grown  in  many  i^ortions  of  the  United  States,  and  which 
will  furnish  abundant  supplies  of  succulent,  rich,  and  nutritious  pasture 
at  a season  of  the  year  when  it  is  sorely  needed;  and  it  may  be  men- 
tioned here  that  this  judgment  is  based  upon  a somewhat  extensive  and 
intimate  experience  in  growing  rape  in  various  ways  in  recent  years, 
as  will  be  shown  in  another  division  of  this  article. 

DESCRIPTION  AND  HISTORY  OF  THE  RAPE  PLANT. 

From  the  nature  of  the  many  questions  received  by  the  writer  from 
various  parts  of  the  continent  it  is  evident  that  many  persons  do  not 
even  know  what  the  rai)e  plant  is.  A brief  reference,  therefore,  to 
the  plant  and  to  its  history  will  be  in  order. 

Eape,  of  the  cruciferous  genus  BrassicM,  is  a xdant  which  in  the 
early  stages  of  its  growth  can  not  easily  be  distinguished  from  the 
numerous  varieties  of  Swede  turnips  that  are  now  grown.  It  usually 
attains  a greater  height  than  the  turnip^  and  has  more  of  stem  and 
leaf  growth.  But  there  is  a marked  contrast  in  the  habits  of  root 
growth  between  these  two  species  of  plants;  whereas  in  turnips  the 
roots  are  bulbous,  in  rape  they  are  fusiform  and  stringy.  -The  leaves 
and  stems  of  rape  are  the  only  portions  of  the  plant  of  any  use  in 
furnishing  food. 

Eape,  of  which  there  are  several  varieties,  has  long  been  grown  in 
Europe  and  other  countries,  more  especially  for  the  oil  which  is 
extracted  from  its  seeds,  and  which  is  used  chiefly  for  purjioses  of 
lubrication  and  lighting.  Several  of  the  species  comprise  both  summer 
and  winter  or  annual  and  biennial  varieties,  the  latter  being  considered 
more  productive  of  seed  than  the  former.  In  England  and  Scotland 
some  of  the  winter  varieties  of  rape  are  sown  in  the  early  summer  and 
are  pastured  oft*  by  sheep  and  lambs  in  the  autumn  following.  The 
plants  are  then  allowed  to  mature  their  seeds  the  second  year.  This  is 
notably  the  case  with  the  Dwarf  Essex,  the  only  variety  which  thus  far 
has  proved  a marked  suc(*ess  on  this  continent. 

The  rape  plant  grows  slowly  at  first,  but  after  a time  it  pushes  ahead 
rapidly  where  the  conditions  are  suitable  and  a large  amount  of  succu- 
lent and  nutritious  foliage  is  i)r<)duced.  An  average  crop  grown  in  drills 
should  furnish  not  less  than  10  tons  per  acre,  and  when  the  conditions 
are  all  favorable  it  would  be  quite  possible  to  produce  at  least  20  tons 
of  green  fodder  i>er  acre. 

Eape  is  ])ossessed  of  remarkable  fattening  properties.  The  nutritive 
ratio  of  green  rape  as  given  by  Wolf  is  1 : 2.0,  wliile  that  of  red  clover 
in  blossom  is  only  1 : 5.7.  When  slicep  and  lambs  are  turned  in  upon 
it,  to  use  a common  but  expressive  i^hrase,  “they  soon  weigh  like  lead.’’ 


5 


THE  RAPE  PLANT  IN  CANADA. 

./  hile  rape  of  the  Dwarf  Essex  variety  has  been  grown  as  a pasture 
crox)  in  Canada  for  several  years  x^ast,  it  is  true,  nevertheless,  that  its 
growth  has  until  quite  recently  been  narrowly  circumscribed.  That  so 
useful  a fodder  x^lant  should  not  have  been  introduced  at  an  earlier 
period  may  seem  strange  in  a country  settled  chiefly  by  peox)le  ot 
Anglo-Saxon  descent,  and  that  after  it  had  been  introduced  it  did  not 
attract  more  attention  may  also  evoke  some  surprise.  The  explana- 
tion will  probably  be  found  in  the  large  areas  occupied  in  x^rox^ortion 
to  the  number  of  sheep  kex>t,  in  the  extent  to  which  grain-growing  on 
virgin  soils  has  arrested  the  attention  of  the  x>eox)le,  and  in  the  inher- 
ent constitutional  conservatism  ot  the  mind  of  the  average  farmer. 

INTRODUCTION  OF  THE  RAPE  PLANT  INTO  CANADA. 

It  is  not  known  when  rape  was  first  introduced  into  Canada,  but  it 
is  now  certain  that  it  has  been  grown  for  several  years  past  in  the 
county  of  Wellington  and  in  one  or  two  of  the  adjoining  counties.  In 
other  x)ortions  of  the  Dominion  it  does  not  apx^ear  to  have  been  grown 
to  any  considerable  extent,  if  indeed  at  all.  However,  since  the  bulle- 
tins upon  raxie  culture  were  first  issued  by  this  station,  it  has  been 
ascertained  by  actual  test  that  rax)e  can  be  grown  in  fine  form  in 
every  x^rovince  of  Canada.  A large  xjercentage  of  the  Canadian  lambs 
shipped  during  the  more  recent  years  to  the  Buffalo  market  have  been 
finished  on  rax^e. 

EXPERIENCE  WITH  RAPE  AT  GUELPH,  CANADA. 

The  writer  was  placed  in  charge  of  the  dex>artnient  of  agriculture  at 
the  Ontario  Agricultural  College,  Guelx)h,  Canada,  in  the  autumn  of 
1888.  Before  that  time,  so  far  as  can  now  be  ascertained,  rape  had  not 
been  grown  uxion  the  farm  during  any  period  of  its  history  as  an  agri- 
cultural exxieriment  station.  As  the  farm  at  that  time  was  infested  in 
an  annoying  degree  with  various  forms  of  noxious  weed  life,  the  ra])e 
plant,  it  was  judged,  would  ])rove  helxiful  in  cleaning  it,  owing  to  the 
late  season  at  which  it  might  be  vsown,  and  to  the  further  fact  that  it 
required  cultivation  to  grow  it  in  finest  form  at  a season  of  the  year 
when  such  work  would  be  x^eculiarly  fatal  to  weeds.  It  was  introduced, 
therefore,  at  first,  with  this  oljjec.t  xudinarily  in  view.  In  1889  twelve 
acres  of  rape  were  grown  at  this  station.  It  was  sown  on  ground  where 
thistles  grew  thick  and  rank  and  strong  until  the  middle  of  June,  when 
they  were  xfiowed  under,  the  rax)e  being  sown  in  raised  drills  that  had 
been  formed  soon  after  the  land  had  been  x^lowed.  It  was  pastured 
ofi'with  lambs,  and  but  few  thistles  were  found  the  following  year  in 
the  oat  crox)  that  came  after  the  rape. 

In  1890  fifty-four  acres  of  rax^e  were  grown  after  a crox)  of  rye,  a por- 
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tion  of  wliicli  liacl  been  made  into  silage  early  in  June,  and  tbe  residue 
liad  been  cut  in  the  green  state  with  tbe  binder  and  cured  for  winter 
fodder.  In  the  autumn  of  that  year  537  sheep  and  lambs  were  fat- 
tened u])on  the  rape,  18  head  of  steers  fed  upon  it  for  tifty-nine  days, 
and  several  acres  were  still  lett  uneateu  when  winter  came. 

The  following  year  (1891)  one  person  in  thirty-live  hours  with  the 
spud  removed  all  the  noxious  weeds  from  45  acres  of  the  grain  crop 
that  followed  the  rape.  This  Avork  was  done  in  the  mouth  of  June. 

In  1891  some  40  acres  of  rape  were  grown.  It  also  came  after  rye, 
which  had  been  cut  about  June  1 and  cured  for  winter  fodder.  About 
G acres  were  also  grown  as  a catch  crop  after  the  grain  grown  upon  the 
land  had  been  removed.  No  fewer  than  G60  laml)s  pastured  ui)on  it  for 
from  tAVO  to  tAvo  and  one-half  months. 

In  1892  about  48  acres  were  grown,  but  the  seed  soavti  on  fully  two- 
thirds  of  this  acreage  proved  untrue  to  name.  It  vms  a hybrid  variety, 
to  Avhich  further  reference  is  made  in  the  next  se(dion.  It  was  not 
valuable  as  a pasture,  hence  we  purchased  only  37G  lambs  in  1892,  and 
found  that  number  sufficient  to  feed  olf  all  the  rape  thus  groAvn,  and  in 
addition  several  acres  of  the  true  variety  grown  as  a catch  crop  after 
winter  Avheat. 

A large  number  of  plats  have  also  been  groAvn  each  year  by  Avay  of 
experiment.  These  include  the  following  tests: 

(1)  Kape  grown  on  diffierent  kinds  of  soil  Avith  and  without  salt;  (2) 
rape  grown  in  drills  as  against  Hat  cultivation;  (3)  rape  grown  in  drills 
as  against  broadcast  seeding;  (4)  rape  grown  in  drills  different  dis- 
tances apart;  (5)  using  different  quantities  of  seed  per  acre;  (6)  thin- 
ning the  plants  to  different  distances  in  the  drills;  (7)  applying  various 
fertilizers;  (8)  feeding  lambs  upon  rape  grown  after  a grain  crop;  (9) 
testing  the  amount  of  pasture  furnished  by  a single  crop  of  rape  grown 
under  favorable  conditions;  (10)  pasturing  lambs  upon  rape  alone, 
rape  Avith  a supplement  of  oats,  and  rape  with  access  to  a grass  pas- 
ture; (11)  pasturing  swine  upon  rape  alone  and  with  other  food  ad- 
juncts; (12)  feeding  rape  as  a soiling  crop  to  cows  giving  milk  and  to 
various  other  animals. 

Definite  results  have  not  been  reached  as  yet  in  all  instances,  but  up 
to  the  lAresent  the  indications  are  as  folioAA^s:  (1)  That  on  certain  soils 
salt  is  a valuable  fertilizer  for  rape;  (2)  that  fiat  cultivation  in  drills 
Avill  probably  giA^e  someAvhat  larger  returns  than  ridge  cultivation; 
(3)  that  larger  crojAS  can  be  obtained  from  rape  sown  in  drills  rather 
than  broadcast;  (4)  that  the  distance  betAveen  the  drills  is  largely 
dependent  upon  the  soil  and  the  time  of  sowing;  (5)  that  rape  of  a 
superior  quality  is  grown  Avhere  tlie  plants  are  not  much  crowded  in  the 
drill;  (G)  that  when  not  more  thmi  2 pounds  of  seed  per  acre  are  used 
haiid-t\nnning  in  the  line  of  the  drills  will  probably  not  repay  the  out- 
lay; (7)  that  nitrate  of  soda  on  some  soils  has  a markedly  favorable 
infiuence  on  the  growth  of  the  plants;  (8)  that  in  some  seasons  a good 
crop  of  rape  can  be  grown  after  a croj)  of  winter  wheat  has  been 
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rO‘ni(»ved;  (9)  tliat  under  favorable  conditions  enormous  crops  of  rai)e 
may  be  ^rown ; (10)  tbat  oats  do  not  seem  to  render  mucli  service 
when  fed  aloli^’  with  rai)e  that  is  being  pastured  by  Iambs,  and  tliat 
rape  and  old  meadow  pasture  are  superior  to  rape  alone  as  a i)asture 
for  lambs;  (11)  that  rape  nlalieS  an  excellent  food  for  swine  when 
sup])lemented  with  more  concentrated  foods;  (12)  that  rape  maybe 
fed  under  certain  conditions  to  cows  giving  milki 

Several  other  phases  of  the  rape  problem  are  being  studied  at  this 
station,  but  these  may  not  even  be  noticed  here*  It  may  be  advanta^ 
geous,  however,  to  mention  (1)  that  in  our  experience  of  growing  rape 
for  four  years  we  have  found  that  1 acre  will  pasture  10  to  10  head  of 
lambs  from  two  to  two  and  one-half  months,  when  rye  grown  for  fodder 
has  ]n'eceded  the  rape  the  same  season ; (2)  that  when  grown  on  ground 
that  had  not  been  cropped  i^reviously  the  same  season,  all  the  condi- 
tions being  favorable,  we  found  that  1 acre  of  rape  would  i)asture  30 
to  37  head  of  lambs  for  two  months  ; and  (3)  that  the  lowest  average 
gain  per  month  made  by  any  considerable  number  of  lambs  when  pastur- 
ing upon  rape  alone  was  7.80  i^ounds,  and  the  highest  12i00  pounds. 

In  March,  1891,  Bulletin  lx,  on  ‘‘The  Uses  of  Eai)e,’'  was  issued  by 
the  agricultural  department  of  this  station.  This  bidletin  was  the 
first  that  had  appeared  on  the  subject  in  America.  It  was  followed  by 
smother  in  June,  1892,  sind  so  great  has  been  the  demand  for  these  that 
long  ago  the  supply  of  both  was  (piite  exhausted* 

DIFFERENT  VARIETIES  OF  RAPE* 

By  way  of  experiment  three  vsirieties  of  rape  were  grown  at  this 
station  in  1892.  These  were  labeled,  respectively,  Dwarf  Essex  or 
English  Kape,’’  ^‘Broadleaf 
D warf  Essex,”  and  German 
or  Bummer  Rape.”  There 
sire  good  reasons  for  believ- 
ing that  the  variety  men- 
tioned second,  which  is  evi- 
dmitly  a hybrid,  has  not 
been  correctly  named. 

The  Dwarf  Essex  or  Eng- 
lisli  variety  has  already  been 
referred  to  as  the  only  kind 
of  rsipe  which  has  hitherto 
])roved  a siu^cess  as  a fodder 
plant  in  North  America.  Fig. 

1 rei)resents  a plant  as  it  si])- 
p(‘nred  when  taken  from  the 
line  of  one  of  the  rows  in  tlie  field  last  autumn,  when  it  had  ceased  to 
grow  for  the  season. 

The  leaves  of  this  variety  commence  to  brsinch  near  the  surface  of 
the  ground,  and  they  extend  in  every  direction  until  the  entire  sui  tace 
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of  the  soil  becomes  hidden  by  a mass  of  foliage,  which  varies  from  1 to 

3 feet  in  height,  according  to  the 
soil  and  season. 

The  i^roportiou  of  the  stem  to 
the  leaves  is  not  nearly  so  great 
as  in  the  other  varieties  shown  in 
Figs.  2 and  3,  and  it  should  not 
l)roduce  any  blossoms  the  first 
season. 

The  hybrid,  or  so-called  Broad- 
leaf  Dwarf  Essex,  can  not  be  easily 
distinguished  from  the  true  Dwarf 
Essex  during  the  first  weeks  of  its 
growth, but  after  a time  the  flower- 
stalk  i)ushes  upward.  It  grew  to 
the  height  of  about  3 feet  at  this 
station,  and  the  blossoms  began  to  appear  in 
from  six  to  eight  Aveeks  after  it  Avas  soAAm.  This 
hybrid  variety,  Avhich  unfortunately  Avas  so  gen- 
erally soAvn  in  1892,  has  been  incorrectly  rejme- 
sented  by  various  Avriters  as  being  the  same  as 
the  Bird  Bape, 

The  variety  of  rape  represented  in  Fig.  2 is 
probably  not  more  than  one-third  as  valuable 
for  producing  fodder  as  the  true  Dwarf  Essex. 

It  grows  far  too 
much  stalk  in 
pro}X)rtion  to 
the  foliage,  and 
the  stalk  soon 

becomes  so  rio.  3. 

woody  that  sheep  Avill  not  eat  it,  bnt 
Avhen  turned  in  upon  it  they  soon  strii> 
off  the  blossoms  and  seed  pods. 

The  German  or  Summer  Eape,  or  as  it 
is  more  frequently  called  Bird  Kape, 
differs  materially  from  the  varieties 
shown  in  Figs.  1 and  2.  It  differs  from 
the  former  in  the  lighter  tinge  of  the  leaf, 
in  the  small  amount  of  foliage  which  it 
produces,  and  in  its  running  to  seed  the 
same  season  that  it  is  sown.  It  differs  from  the  latter  in  its  less  vig- 
orous growth,  in  its  being  more  branched,  and  in  the  smaller  size  of  the 
seed  pods.  Fig.  3 represents  a plant  of  the  German  or  Summer  Eape 
Avhich  grCAV  in  the  greenhouse,  as  it  a])peared  about  eight  weeks  after 
the  seed  had  been  sown.  Fig.  1 represents  the  same  variety  of  rape 
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when  fully  matured,  as  it  appeared  in  the  field  plat  last  autumn.  This 
kind  of  rape  is  of  no  use  for  i)asture. 

THE  RAPE  PLANT  IN  THE  UNITED  STATES. 

Eape  does  not  appear  to  have  been  grown  as  yet  to  any  great  extent 
in  the  United  States  for  any  purpose.  This  is  rather  surprising  when 
Ave  consider  the  need  there  is  for  such  a plant  on  this  continent,  where 
climatic  and  other  conditions  do  not  admit  of  growing  turnii)S  and  fold- 
ing sheep  upon  them  as  in  (treat  Britain.  The  writer  has  been  unable 
to  trace  the  growth  of  rape  in  a large  Avay  in  tlie  United  States  beyond 
six  or  seven  years;  and  yet  there  can  be  but  little  doubt  that  it  has 
been  grown  there  to  some  extent  for  at  least  a century  by  individuals 
in  various  localities.  The  explanation  is  found  probably  in  the  great 
extent  of  the  grass  pastures  in  comi)arison  to  the  numbers  of  the  sheep 
grown  and  in  the  relatively  subordinate  ])lace  that  has  hitherto  been 
given  to  the  production  of  mutton. 

ADAPTABILITY  OF  LARGE  AREAS. 

The  Avriter  has  no  doubt  whatever  but  that  vei\y  large  areas  in  the 
United  States  are  preeminently  adapted  to  groAving  rape  in  fine  form. 
The  soils  of  the  gi  eat  prairies  will  doubtless  be  found  suitable  for  this 
crop  Avhere  the  summers  are  not  too  dry  and  Avarjn.  And  in  large 
sections  in  all  parts  AAdiere  the  climatic,  conditions  resemble  those  of 
Ontario  it  Avill  doubtless  be  found  that  raiie  Avill  grow  readily.  This 
Avould  mean  that  rape  can  be  successfully  groAvn  in  all  the  States 
bordering  on  the  Dominion  of  Canada  and  in  several  of  those  that  lie 
further  to  the  south.  Whether  it  would  furnish  winter  pasture  in  the 
more  southerly  States  and  whether  it  would  grow^  seed  as  a paying 
crop  in  these  can  be  determined  only  by  actual  test.  The  heat  of  the 
sun  in  such  latitudes  would  doubtless  be  fatal  to  its  successful  growth 
in  midsummer. 

EXPERIENCE  IN  GROWING  RAPE  IN  THE  UNITED  STATES. 

The  testimony  given  below  in  reference  to  growing  rape  has  been 
directly  communicated  to  the  writer  by  the  ]>arties  whose  names  are 
mentioned.  This  testimony  relates  to  eight  dilferent  States,  and  Avould 
have  embraced  a much  larger  number  but  for  the  fact  that  nearly  all 
the  seed  sown  in  1892  in  the  various  divisions  of  the  Eepublic  Avas  not 
true  to  name.  The  States  referred  to  are  Maine,  New  York,  Pennsyl- 
vania, Ohio,  Michigan,  Wisconsin,  Illinois,  Minnesota,  and  South 
Carolina. 

In  MaineS  acres  of  rape  were  groAvn  in  1892byH.E.  Gilman,  of  Exeter. 
He  thinks  he  is  safe  in  saying  that  it  was  the  first  ever  growm  in  that 
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state*  It  was  a variety  wliicli  blossomed*  it  was  sown  on  an  over- 
turned sod  after  the  removal  of  the  hay.  The  seed  was  broadcasted 
July  5,  along  with  100  i)ounds  of  sn])erphosphate  per  acre.  It  all  grew 
nicely,  but  best  where  the  sui)ei‘phosphate  had  been  most  freely  applied. 
The  first  week  in  September  50  lambs  were  put  upon  it  and  50  others 
three  weeks  later.  They  did  well  on  it  until  the  middle  ot  October. 
This,  of  course,  was  the  hybrid  variety,  and  yet  Mr.  Gilman  says  in 
regard  to  it:  think  it  fully  rej)aid  me  for  the  labor.  The  lambs  ate 

it,  seed,  stalk,  and  all.  Tliey  seemed  to  prefer  it  to  good  clover  feed.’’ 

Rape  has  been  successfully  grown  in  New  York  for  a longer  or  a 
shorter  period  by  A.  Bordwell,  of  Fargo;  Frank  D.  Ward,  of  South 
Byron;  0.  1).  Sinead,  v.  vS.,  of  Logan;  and  F.  D.  lininsey,  J.  11.  Potter, 
and  John  E.  Young,  all  of  Batavia.  The  names  of  other  growers  could 
be  added  were  it  necessary. 

Mr.  Bordwell  has  grown  English  rape  for  six  or  seven  seasons.  He 
sows  in  drills  30  inches  apart,  and  gives  level  culture;  sows  as 
early  as  the  middle  of  April,  and  then  again  in  May  and  June*  The 
first  sown  ])lats  are  ready  for  a second  cutting  by  the  time  the 
June  sowed  crop  has  been  fed.  He  uses  it  as  a soiling  crop  in  fitting 
sheep  and  lambs.  He  says  in  regard  to  it:  ‘^Have  had  good  success 
every  time.  When  18  inches  iu  height  the  leaves  covered  the  ground.” 

Mr.  AVard  grew  the  true  Dwarf  Essex  rape  in  1891  and  1892; 
sowed  it  broadcast  with  the  clover  seeder  on  land  thoroughly  summer 
fallowed  early  in  the  season  and  manured,  covered  it  with  the  Thomas 
smoothing  harrow,  and  then  rolled  it.  For  soiling  i>urposes  he  sows  it 
from  April  to  July,  and  for  pasture  from  June  20  to  July  1 ; he  uses 
it  as  pasture  for  sheep  and  lambs,  and  as  a soiling  crop  in  fitting  show 
sheep.  To  the  above  Mr.  Ward  adds: 

I have  had  excellent  results — a great  growth  of  nutritious  food  which  bridged 
over  the  dry  season  and  kept  lambs  and  show  shoe])  thriving.  Rape  can  not  be  too 
highly  recommended.  It  is  much  superior  to  any  other  green  food  that  I know  of. 
I have  been  laughed  at  a great  deal  for  sowing  my  ‘‘turnips’’  so  thickly,  but  when 
I had  tons  of  excellent  fodder,  Avhilo  the  critics  had  nothing  but  bare  timothy  for 
their  lambs,  t^e  laugh  was  changed.  The  best  faiauers  are  now  sowing  considerable 
rape. 

Dr.  Sinead  grew  the  Dwarf  Essex  in  1891,  and  obtained  a fine  crop. 
In  1892  the  variety  sowed  by  him  blossomed,  and  he  considers  it  only 
about  half  as  good  as  the  Dwarf  Essex.  He  believes  that  about  May 
20  is  the  best  time  to  sow  for  August  pasture,  and  in  Jul}^  for  late  fall 
pasture.  He  pastured  lambs  upon  it  after  weaning,  and  breeding  ewes 
later.  He  adds:  ‘G  consider  it  a most  valuable  dependence  during  a 
dry  season  or  as  a late  fall  iiasture  for  sheep.” 

Mr.  Rumsey  grew  20  acres  of  rape  on  rather  iioor  ground  in  1892; 
sowed  the  seed  about  July  15,  and  the  rape  was  ready  for  pasturing 
iu  September;  mixed  the  seed  with  ammoniated  phos])hate,  and  sowed 
in  rows  with  the  grain  drill  at  a distance  of  28  inches  apart;  used  2 
to  2^  pounds  of  seed  per  acre,  and  about  125  pounds  of  phosphate.  In 
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Slimming  up  Mr.  Biimsey  states:  “I  liave  an  Englishman  working  for 
me  Avlio  says  he  never  saw  better  rape  in  England.  I pastured  200 
lambs  on  it  in  Septeinboir;,  October,  and  until  the  middle  of  November. 
I think  it  very  valuable.” 

Mr.  Potter  grew  the  Dwarf  Essex  rai)e  in  1802.  He  sowed  it  on 
overturned  sod  land  about  the  end  of  June,  using  4 pounds  of  seed  to 
the  acre,  and  says  in  regard  to  it:  ‘Hlape  is  the  best  food  I ever  saw 
for  shee]>.” 

Pkir.  Young  grew  8 acres  in  the  summer  of  1892.  He  sowed  it  on  sod 
land  overturned;  used  a grass  seed  sower  and  put  in  the  seed  about 
July  10.  He  put  290  lambs  on  the  8 acres  on  September  10,  and  it  pro- 
vided pasture  for  them  until  November  8;  but  it  should  be  mentioned 
that  daring  the  last  week  or  two  they  had  some  pasture  in  addition. 
Within  the  period  mentioned  they  gained  18 J pounds  each.  am  so 
well  ])leased  with  it,”  says  Mr.  Young,  ^Hhat  1 can  not  sxieak  too  highly 
of  it.” 

In  Pennsylvania  rape  was  grown  in  1892  by  John  T.  Gordon,  secre- 
tary of  the  American  Hampshire  Down  Association,  and  by  W.  A. 
McCoy,  both  of  Mercer.  From  the  description  given  by  Mr.  Gordon, 
the  variety  grown  in  both  instances  was  evidently  not  the  Dwarf  Essex, 
as  it  went  to  seed  early.  In  reference  to  that  sown  by  himself,  Mr. 
Cordon  says:  “It  was  in  too  great  a hurry  to  form  seed  to  meet  my 
expectations  as  a forage  idant;”  and  as  to  that  sown  by  Mr.  McCoy, 
he  “had  a large  flock  of  turkeys,  and  thej^  took  such  good  care  of  the 
rape  that  it  required  no  further  attention.” 

In  Ohio  some  raj^e  was  grown  in  1892  by  W.  T.  Palmer,  of  Jeromes- 
ville.  It  was  sown  on  a loose  sandy  soil,  plowed  in  May,  on  which 
a heavy  crop  of  mammoth  clover  had  been  grown  the  iirevious  year, 
ami  was  put  in  drills  3 feet  apart.  Mr.  Palmer  wrote  in  regard  to  it, 
on  September  13:  “I  sowed  the  rape  in  June,  and  now  it  is  about  3 
feet  high.  The  leaves  have  made  a near  approach  between  the  rows.” 

In  Michigan  rape  has  been  grown  for  one  or  more  seasons  by  George 
E.  Breck,  of  Paw  Paw;  W.  Kobertson,  of  Ypsilanti;  W.  J.  Garlock,  of 
Howell;  and  S.  S.  Bailey,  of  East  Paris. 

Mr.  Breck  has  grown  rape  for  three  years.  He  sows  it  broadcast 
about  July  10  on  land  where  clover  may  have  failed  to  catch  the  x)re- 
vions  year.  By  September  15  it  has  made  a good  growth  and  furnishes 
an  excellent  fresh  food  at  a time  wlien  it  is  needed.  He  x^astures  sheep 
on  it,  the  rest  of  the  field  being  in  clover.  The  sheex^  the  rax->e  to 

fresh  clover.  Mr.  Breck  adds: 

Rape  grows  and  fattens  sheep  very  satisfactorily.  It  furnishes  at  least  twice  as 
lutich  food  per  acre  for  two  months  as  the  best  of  clover,  is  available  at  a tiuie  when 
pastures  are  short,  puts  sheep  into  aline  condition  for  sale  or  for  breeding,  and  seems 
to  be  a natural  and  healthful  food. 

Mr.  Robertson  has  grown  from  10  to  15  acres  of  rape  yearly  from 
1888  to  1892 — that  is  to  say,  for  four  years.  Nearly  all  of  it  was  sown 
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after  a crop  of  peas  and  oats,  grown  together,  had  been  liarvested  for 
soiling  uses.  He  has  grown  it  both  in  drills  and  broadcast.  When  sown 
in  drills  they  were  made  28  inches  apart,  and  2 pounds  of  seed  per  acre 
were  used.  When  sown  broadcast  6 pounds  were  used.  He  has  | nistured 
sheep  and  in-calf  cows  and  heifers  on  it.  He  has  always  had  good  crops 
except  in  1892,  when  no  rain  fell  from  July  until  the  end  of  September. 
Mr.  Kobertson  states  further:  ^Ht  is  a very  valuable  crop  for  feeding 
in  October  and  November,  both  for  cattle  and  sheep,  when  pastures 
are  done.  I am  satisfied  that  all  Avho  grow  it  once  will  grow  it  again.” 

Mr.  Oarlock  sowed  rape  in  1892.  One  of  the  two  kinds,  evidently 
the  Dwarf  Essex,  did  remarkably  well,  while  the  other  variety  wliicli 
blossomed  was  of  but  little  value.  He  sowed  June  29,  but  thiidvs  later 
sowing  in  moist  weather  Avoiild  be  better  for  fall  feeding.  Mr.  Oarlock 
adds:  1 never  had  show  sheep  push  ahead  as  those  did  on  that  feed. 

1 believe  wonderful  results  will  follow  rape-growing  if  we  can  get  the 
genuine  seed.” 

Mr.  Bailey  grew  the  Dwarf  Essex  rape  in  1892  only.  He  sowed  G 
])ounds  of  rape  seed  on  J uly  30,  some  in  drills  and  some  broadcast.  Two 
pounds  of  seed  per  acre  were  sown  in  tlie  drills.  A portion  of  the  land 
was  sandy  loam  and  a portion  muck.  It  made  a wonderful  growth,  some 
of  it  reaching  the  height  cf  3 feet  by  October.  Corn  drilled  in  at  the 
same  time  and  rye  sown  simultaneously  inade  po  showing  in  comparison ; 
it  literally  covered  the  ground,  and  the  sheep  did  well  upon  it.  Mr. 
Bailey  adds:  Had  1 known  what  1 know  now,  1 could  as  well  have 
put  in  25  acres.  I desire  to  thank  you  for  calling  the  attention  of  our 
people  to  the  value  of  rape  as  a fodder  plant.” 

In  Wisconsin  rape  was  grown  by  George  McKerrow,  of  Sussex,  in 
1891  and  1892.  It  was  sown  in  drills  and  broadcast,  and  a large  crop 
was  produced  both  seasons.  In  1891  that  sown  June  15  gave  the  best 
crop,  but  in  1892  the  later  sowing  of  July  2 was  superior.  He  has  both 
pastured  it  and  cut  and  fed  it  to  rams  and  show  sheep  in  the  stable. 
Mr.  McKerrow  further  mentions:  “ 1 consider  it  a good  crop  to  furnish 
a good  green  fattening  ration  in  the  fall.” 

In  Illinois  rape  was  grown  in  1892  by  E.  W.  Hartley,  of  Christman. 
It  was  sown  August  1 and  did  not  prove  a success,  owing  to  the  exces- 
sively dry  weather. 

In  Minnesota  rape  Inis  been  grown  by  several  farmers,  including  O. 
O.  Monson,  of  Pomme  de  Terreg  W.  W.  Kelly,  of  Lamberton;  EhTcher 
Bros.,  of  Minneapolis 5 and  Thomas  Kough,  of  Mower  (Bounty.  The  two 
first-named  gentlemen  grew  a variety  which  soon  came  into  blossom,  and 
they  do  not  speak  very  highly  as  to  its  value.  Fletcher  Bros,  grew 
rape  in  1891  and  1892.  They  say  in  regard  to  it:  ‘‘We  will  not  be 
Avithout  it  for  onr  lambs  if  we  can  raise  it  successfull3^” 

Mr.  Kough  has  grown  it  (wery  year  since  1889.  Sometimes  it  was 
sown  on  inverted  barley  stubble  after  the  previous  cro})  had  been  reaped. 
In  1890  rape  sown  broadcast  stood  over  2 feet  high  without  stretching 
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the  leaves.  He  has  sowed  it  in  corn  fields  at  the  time  the  last  cultiva- 
tion is  being’  given  the  corn,  and  has  found  good  results.  Mr.  Kongh 
adds:  ‘‘1  consider  one  acre  of  rape  worth  more  than  2 acres  of  flat  and 
common  turnips.” 

In  Georgia  A.  II.  Stoddard,  of  Savannah,  grew  rape  as  an  experiment 
in  1892.  He  states  his  experience  with  it  in  the  following  language: 

It  oTows  well  here  in  spring  and  summer,  Imt  is  not  needed  at  that  time  as  a 
o-razing  plant.  I sowed  about  3 acres  in  September  and  October  on  a sandy  soil 
with  a view  to  growing  winter  pasture.  It  was  not  a success.  It  grew  slowly. 

THE  GROWTH  OF  RAPE. 

Owing  to  the  limited  experience  that  we  have  had  in  growing  rape 
in  America  there  is  doubtless  much  that  is  yet  to  be  learned  as  to  the 
various  ways  in  which  it  may  be  grown;  but  Avhen  its  growth  becomes 
general  this  knowledge  will  speedily  increase.  Happily  we  know 
eiiougli  in  the  meantime  to  enable  us  to  grow  it  in  fine  form  where  the 
conditions  are  suitable. 

ADAPTABILITY  OF  SOILS. 

It  would  probably  be  correct  to  say  that  rape  will  grow  in  fine  form 
in  any  soil  that  will  produce  an  abundant  crop  of  turnips  or  Indian 
corn.  It  will  therefore  grow  freely  in  deep,  rich,  and  warm  loams, 
friable  in  texture.  In  sandy  soils  it  will  grow  well,  but  only  on  the 
condition  that  they  are  well  supplied  with  suitable  plant  food,  other- 
wise its  growth,  though  encouraging  at  the  first,  will  be  disapiiointing 
in  the  end.  On  stiff  clays  it  will  not  germinate  properly  in  dry  weather, 
and  its  growth  will  be  siow.  On  humus  soils  where  vegetable  matter 
abounds  it  grows  with  great  vigor  and  luxuriance.  Muck  swamps, 
which  have  been  drained,  are  capable  of  producing  enormous  crops. 
But  rape  will  grow  reasonably  well  on  any  soil  that  is  moist,  friable, 
and  plentifully  supiilied  with  plant  food  in  available  form. 

PLACE  IN  THE  ROTATION. 

The  place  that  should  be  assigned  to  rape  in  the  rotation  will  depend 
on  many  conditions— the  use  for  which  it  is  grown,  tlie  nature  of  tlie 
soil,  and  the  nature  of  the  rotation.  Like  other  hoed  crops  it  should 
be  grown  as  a cleaning  crop  when  sown  in  drills,  hence  it  is  peculiarly 
fitting  to  grow  it  upon  fields  which  rerpiire  to  be  cleaned.  It  will 
therefore  more  commonly  come  after  a grain  crop,  and  ordinarily 
sliould  be  followed  by  another  grain  crop  sown  with  grasses  and  clo- 
vers. It  may  generally  be  grown  with  much  advantage  after  a crop  of 
winter  rye,  which  has  been  iiasturcd  or  cut  at  the  earing  stage  for  hay, 
or  in  the  blossoming  stage  for  the  silo. 

In  climates  that  are  suitable,  and  in  seasons  that  are  sufficiently 
moist,  it  will  also  make  a good  growth  after  early  maturing  crox)S.  As 
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rape  feeds  ravenously  on  organic  matter,  it  usually  grows  well  on  a 
freshly  overturned  sod  possessed  of  sutfieient  moisture  to  germinate 
the  seed.  It  may  therefore  be  grown  on  land  which  has  been  pastured 
in  early  spring  and  on  overturned  clover  fields  after  the  first  cutting  of 
the  season  has  been  removed.  As  a catch  crop  it  may  be  sown  at  any 
time  when  opportunity  offers,  until  within,  say,  eight  weeks  of  the  close 
of  the  growing  season.  As  a green  manure  it  may  also  be  sown  at 
any  time,  but  for  this  purpose  it  is  more  common  to  sow  it  in  conjunc- 
tion with  the  bare  fallow  or  after  some  crop  of  the  season  has  been 
removed. 

PREPARATION  OF  THE  SOIL. 

A suitable  seed  bed  for  rape  calls  for  fine  pulverization,  a surface  soil 
free  from  undecayed  vegetable  matter,  and  sufficient  moisture  to  ger- 
minate the  seed.  A fine  pulverization  is  largely  dei)endent  on  con- 
ditions of  soil  and  climate  and  on  the  implements  of  tillage  used.  The 
vegetable  matter  growing  on  soils  to  be  prepared  for  a crop  of  rape 
should  be  buried  by  careful  plowing,  which  should  also  in  some  in- 
stances be  deep,  otherwise  it  will  interfere  with  the  ridging  of  the  land 
when  the  rape  is  to  be  sown  in  ridged  drills.  An  increase  in  moisture 
is  secured  through  the  occasional  stirring  of  the  soil  with  the  harrow 
or  cultivator  sometime  previous  to  the  sowing  of  the  seed.  When  rape 
follows  rye  that  has  been  cut  for  hay,  for  soiling  purposes,  or  for  the 
silo,  the  ground  should  be  carefully  plowed,  using  the  skimmer  at  the 
same  time  to  bury  all  vegetable  matter.  It  should  then  be  at  once 
rolled  to  impact  the  soil  and  so  arrest  the  ascending  ground  moisture. 
The  drills  vshould  be  made  with  the  double  mold-board  jilow,  but  not 
so  elevated  that  they  will  readily  dry  out.  The  distances  between 
the  drills  may  vary  from  20  to  30  inches.  The  Avidth  from  drill  to  drill 
may  be  AAuder  where  the  land  is  rich.  The  same  mode  of  preparing  the 
soil  may  be  followed  when  the  rape  is  to  come  immediately  after  a grain 
crop  that  has  been  allowed  to  mature.  A¥hen  rape  comes  after  sod 
land  plowed  in  June  or  after  meadow  land  plowed  late,  it  would  prob- 
ably be  necessary  to  sow  it  broadcast  or  in  drills  on  the  level,  owing 
to  the  difficulty  in  forming  raised  drills  on  such  lauds. 

FERTILIZERS  FOR  RAPE. 

Although  rape  will  grow  on  manj^  kinds  of  soil  it  gives  the  best 
results  relatively  on  lands  that  are  rich,  and  especially  on  those  that 
are  rich  in  organic  matter.  When  the  soil  is  deficient  in  plant  food 
the  rape  groAA  s sloAvly  and  lacks  that  deep  green  tinge  indicatiA^e  of 
highest  vigor,  the  plants  do  not  attain  sufficient  size,  and  the  leaf  turns 
yellow  at  an  early  stage,  Avhich  indicates  that  nuti  ition  is  Avanting  and 
that  the  nutritive  jn'ocesses  have  been  sus])ended  too  soon. 

Rape  responds  vigorously  to  the  ap])lication  of  barn-yard  manure. 
As  the  value  of  rape  is  largely  in  proportion  to  the  development  of  the 
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stem  and  leaf,  it  is  not  easily  injured  by  being  overfed,  ^or  is  tliere 
danger  that  the  manure  so  applied  will  be  wasted,  as  the  rape  is  a 
gross  feeding  idant,  and  therefore  has  miieh  i)ower  to  gather  plant 
food  in  the  soil.  The  manure  should  ordinarily  be  applied  in  the  fresh 
state  and  not  long  before  the  sowing  of  the  rape,  and  it  should  be  incor- 
porated with  the  soil  by  x>lowiug  or  cultivating,  or  by  a combination 
of  the  two. 

Since  barn-yard  manure  is  so  favorable  to  the  growth  of  rape  we 
may  safely  conclude  that  on  average  soils  comi)lete  fertilizers  may  be 
used  with  safety  where  fertilizers  are  required.  But  much,  of  course, 
depends  on  the  soil.  At  this  station  we  have  found  that  nitrate  of 
soda  applied  at  the  rate  of  200  pounds  to  the  acre  gave  better  results 
than  either  superphosphate  or  muriate  of  potash,  and  also  better  re- 
sults than  when  the  nitrogenous  phos^diatic  and  j^otassic  fertilizers 
were  used  in  combination.  But  it  would  probably  be  otherwise  on 
average  soils.  We  also  obtained  excellent  results  from  the  a])plication 
of  200  pounds  of  salt  per  acre  when  ai)plied  alone.  Suxierphosphate 
when  used  alone  has  given  satisfactory  results  in  many  instances.  As 
rai)e  very  much  resembles  the  turnii)  in  its  habits  of  growth,  it  will 
probably  be  found  that  animal  phosphate  applied  in  the  line  of  the 
drill,  but  not  directly  in  conjunction  with  the  seed,  will  usually  give 
results  that  are  satisfactory.  When  grown  broadcast  the  snperx)hos- 
])hate  may  be  incorporated  with  the  surface  soil  by  the  harrow  when 
iweparing  the  ground  for  the  seed  or  in  covering  the  same. 

SEED  AND  SOWING. 

Three  methods  of  sowing  have  been  adopted,  viz,  in  raised  drills,  in 
drills  on  the  level,  and  broadcast.  Which  of  these  methods  would  be 
preferable  will  depend  ui)on  the  character  and  condition  of  the  soil  and 
the  object  sought.  The  effect  of  cultivation  between  the  drills  is  the  same 
with  rajie  as  with  corn.  The  growth  is  stimulated  in  proportion  to  the 
amount  of  the  cultivation  given  and  to  its  timeliness.  It  follows,  there- 
fore, that  when  the  soil  is  rich  and  clean  the  rajic  may  be  sown  broad- 
cast. When  these  conditions  do  not  exist  it  should  be  sown  in  drills. 
The  sowing  in  raised  drills  facilitates  early  and  thorough  cultivation, 
but  the  seed  is  more  certain  to  germinate  when  it  is  sown  in  drills  on 
the  level. 

When  sown  broadcast  the  work  may  be  done  by  hand  or  with  some 
form  of  grass-seeder.  When  sowed  in  raised  ridges  an  ordinary  turnix) 
drill  will  do  the  work  well.  It  is  drawn  by  one  horse  and  sows  two 
rows  at  once.  For  small  areas  a hand-drill  will  answer.  When  sown 
in  drills  on  the  level  a grain  drill  may  be  made  to  do  the  work  b/* using 
only  some  of  the  tubes,  and  when  the  drills  are  suitable  a fertilizer 
may  be  ax^x^lied  at  the  same  time.  The  amount,  of  seed  to  use  should 
be  gauged  by  the  condition  of  the  soil  and  the  nature  of  the  weather. 
The  quantity  should  be  increased  with  the  lack  of  moisture  in  the  soil, 
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with  the  lack  of  good  tilth,  and  with  the  absence  of  moisture  in  the 
atmosphere.  When  sown  broadcast  from  3 to  5 pounds  of  seed  per  acre 
may  be  used,  and  when  in  drills  from  1 to  2 x)ounds. 

The  time  for  sowing  the  seed  will  vary  with  the  object  sought  and  the 
climate.  It  may  be  sown  for  soiling  x)urposes  in  May,  in  the  States 
bordering  on  Canada  and  in  Canada,  and  cut  or  eaten  otf  Avhen  it  is 
sufficiently  advanced.  It  will  grow  up  again  and  may  be  used  a second 
time  in  the  same  manner,  but  ordinarily  the  best  results  are  obtained 
in  the  latitudes  mentioned  when  sown  during  the  last  half  of  June  and 
the  first  half  of  July.  When  put  in  earlier,  the  hot  suns  of  August 
seem  to  unduly  hasten  its  maturity,  as  indicated  by  slow  development 
and  a lightness  of  tinge  in  the  leaf. 

CULTIVATION. 

The  cultivating  of  rape  should  commence  as  soon  as  it  is  well  started 
in  the  rough  leaf,  and  it  should  be  repeated  as  frequently  as  possible 
until  the  rape  has  reached  that  stage  of  advancement  which  will  not 
admit  of  further  cultivation  without  injury  to  the  plants.  This  stage 
is  reached  when  the  leaves  of  the  rape  have  so  far  extended  over  the 
space  between  the  rows  that  they  would  be  trodden  under  foot  by  the 
horse,  or  broken  off  by  the  whiffletree. 

An  ordinary  cultivator  will  answer  for  doing  the  work,  but  one  that 
will  cut  close  to  the  line  of  the  row  without  covering  the  plants  will 
best  serve  the  purx)ose  in  the  earlier  stages  of  the  cultivation.  The 
cultivation  should  be  deep  at  first,  and  should  gradually  become  shail- 
lower  as  the  roots  of  the  plants  develop.  Level  cultivation  only  is 
required.  It  is  not  usual  to  give  the  rape  any  hand  hoeing  or  thin- 
ning, but  Avhere  some  kinds  of  noxious  weeds  xirevail  some  hand  hoe- 
ing along  the  line  of  the  drills  would  well  rex)ay  the  outlay.  When 
rape  is  thinned  the  plants  «;ttain  a larger  size,  but  at  the  price  paid  for 
work  in  this  country  it  has  not  yet  been  demonstrated  that  labor  thus 
expended  would  prove  remunerative. 

USES  OF  RAPE. 

It  has  been  mentioned  that  in  Europe  rape  has  long  been  grown  for 
the  pasture  which  it  produces  and  for  the  oil  wliich  is  made  from  the 
seed.  It  is  not  likely  to  be  grown  for  the  latter  puiq)ose  on  this  conti- 
nent in  latitudes  Avhich  are  most  favorable  to  the  growth  of  the  Dwarf 
Essex  variety,  for  this  reason,  that  it  does  not  well  survive  the  winter. 
It  is  in’obable,  therefore,  that  on  the  northerly  xiortions  of  the  United 
States  and  the  southerly  ]mrtions  of  Canada  it  will  be  grown  chiefly 
as  a xiasture.  l>ut  ex[)erieiice  has  taught  us,  even  now,  that  it  may 
serve  a good  x)urpose  when  sown  as  a soiling  crox),  as  a green  manure, 
and  as  a cleaning  crox),  and  further  exx)erience  may  yet  reveal  other 
uses  to  which  it  may  be  x)iit. 
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RAPE  AS  A PASTURE. 

Kape  is  unrivaled  as  a pasture  for  slieep  in  autumn  in  those  parts 
of  this  continent  wliere  it  can  be  successfully  grown.  As  a fattening 
food  in  the  field  it  is  without  a rival  in  point  of  cheapness  or  effective- 
ness. The  sheep  that  pasture  upon  it  do  the  harvesting  in  a most 
effective  manner,  and  wdth  but  little  cost  to  the  owner;  and  the  manure 
made  from  it  is  distributed  over  the  field  which  produced  the  crop, 
aud  in  a form  which  is  readily  available  for  the  plants  of  the  succeed- 
ing crops.  While  rape  thus  grown  and  fed  does  not  add  fertility  to 
the  soil,  unless  in  the  plant  food  Avhich  it  brings  up  from  the  subsoil,  it 
does  not  detract  from  tlie  fertility  when  the  sheep  which  eat  it  off*  are  in- 
closed upon  it.  AVheii  ra])e  can  be  successfully  grown  as  a i^asture 
the  necessity  for  sending  sheep  aud  lambs  to  tlie  market  in  a lean  con- 
dition will  be  removed,  and  the  numbers  that  may  yet  be  fattened  upon 
it  in  this  country  will  only  be  limited  x)i'obably  by  the  inclination  of 
the  farmers  and  the  demands  of  the  market.  Four  to  five  millions  of 
acres  of  arable  land  would  suffice  to  grow  rape  enough  to  fatten  all 
the  sheep  at  present  in  the  United  States. 

The  manner  of  feeding  off*  the  rape  when  pastured  by  sheep  aud 
lambs  is  in  outline  as  follows: 

They  should  be  tagged  before  being  turned  in  upon  the  rape,  or  soon  after,  as  they 
are  liable  to  become  purged  to  some  extent  at  the  first.  They  should  not  be  turned 
in  upon  the  rape  when  hungry  at  any  time,  as  they  may  so  gorge  themselves  that 
bloating,  followed  by  death,  may  ensue.  When  they  have  access  to  an  old  grass 
pasture  at  the  same  time,  the  grass  eaten  by  them  is  usually  very  effective  in  pre- 
venting scours  and  other  disorders  arising  from  impaired  digestion.  When  the 
animals  are  once  turned  in  upon  the  rape  it  is  not  necessary  to  remove  them,  unless 
in  time  of  severe  and  prolonged  storms  of  rain  or  sleet.  At  such  times  they  may 
be  given  the  protection  of  sheds  when  these  are  available,  otherwise  the  shelter  of 
a grove  may  prove  of  some  service.  After  they  have  fed  upon  rape  from  two  to  two 
and  a half  months  they  will  be  ready  for  the  market.  When  it  is  desired  to  carry 
on  the  lambs  into  the  winter  months  after  the  season  for  pasturing  is  over,  they 
will  go  on  improving  in  fine  form  wher<‘- the  management  is  judicious.  In  other 
words,  pasturiug  on  rape  is  an  excellent  preparation  for  winter  feeding. 

The  sheep  or  lambs  should  be  visited  two  or  three  times  a day  by  the  shepherd. 
This  may  be  done  on  foot  when  the  flocks  are  small,  but  when  feeding  over  large 
areas  the  aid  of  a saddle  horse  should  be  called  in.  When  sheep  get  fat  and  heavy 
they  are  somewhat  liable  to  roll  over  on  the  back  and  so  perish.  They  do  not  re- 
quire any  water  when  feeding  upon  rape,  but  should  have  access  to  salt  at  will. 

There  is  no  limit  to  the  numbers  that  may  be  put  u])onone  field  except  its  capacity 
to  sustain  them.  The  labor  of  hurdling  does  not  seem  necessary,  as  the  sheep  waste 
very  little  of  the  rape.  Wlien  it  has  grown  strong  and  rank  they  feed  around  the 
borders.  Like  an  invading  army  of  crawling  insects,  they  make  clean  work  as  they 
go,  but  when  the  crop  is  light  and  thin  they  feed  in  any  portion  of  it. 

Cattle  may  be  pastured  upon  rape,  buttlirougli  treading'  they  destroy 
and  waste  it  in  a considerable  degree;  because  of  this  it  is  better  to 
remove  them  to  an  adjoining  pasture  when  they  have  satisfied  their 
wants.  The  results  are  usually  very  satisfactory  when  they  are  pas- 
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tilled  upon  it  in  tlie  djiy  oid^y,  and  fed  in  tbe  stable  or  shed  in  tlie 
morning-  befoie  going  lo  tlie  rape  pasture.  This  is  an  excellent  way  of 
making  Christmas  beef. 

It  is  also  moie  than  probable  that  ra])e  will  prove  an  excellent  pas- 
ture for  SAvine  in  conjunction  AAith  corn  and  other  food  adjuncts,  but 
for  this  purpose  it  would  require  to  be  eaten  off  while  the  weather  is 
still  mild. 

RAPE  AS  A SOILING  CROP. 

Rape  has  been  found  useful  as  a soiling  crop,  more  especially  in 
feeding  stock  rams  and  show  sheep,  milch  cows,  and  vSivine.  It  may 
be  fed  freely  to  stock  rams  and  sheep  in  preparation  for  the  shows 
with  excellent  results.  It  gives  tone  to  the  system,  puts  on  flesh 
rapidly,  and  precludes  the  necessity  for  feeding  a heavy  grain  ration. 
The  amount  to  be  fed  is  also  so  completely  under  the  control  of  the 
feeder  that  all  danger  from  excessh^e  eating  is  completely  obviated. 

When  fed  to  milch  cows  the  milk  How  is  generous  and  free.  It 
should  be  given  to  the  cow  after  the  milk  has  been  removed.  When 
thecoAvs  pasture  upon  it  there  is  little  danger  that  the  milk  aa  ill  be 
tainted  as  when  turnip  tops  are  fed.  Rape  may  thus  be  made  to  fur- 
nish a croi)  for  the  dairy  after  all  other  soiling  crops  are  past  their  best. 
SAAiiic  are  very  fond  of  it  and  rape  Aviil  i)rove  of  much  service  as  an 
adjunct  to  other  concentrated  foods  when  the  animals  are  confined  to 
their  pens.  They  have  been  knoAAUi  to  leave  grain  in  some  instances 
to  feed  upon  rape  Avhen  the  latter  has  been  placed  before  them. 

Rape  Avill  keep  for  a long  time  in  early  winter  in  hea])s  like  cocks  of 
hay.  When  cut  and  thus  j)ut  up  on  the  approach  of  AAunter  it  may  be 
drawn  and  fed  as  desired,  Avhere  the  suoaaxs  do  not  fall  too  deeply  at 
that  Season  of  the  year.  For  soiling  jiurposes  it  may  be  found  advis- 
able to  sow  it  broadcast  to  render  the  cutting  process  easier, 

RACE  AS  A CATCH  CROP. 

Rape  is  peculiarly  adapted  for  being  grown  as  a catch  crop,  as,  like 
the  turnip,  it  grows  better  late  rather  than  early  in  the  season.  When 
a grain  crop,  therefore,  has  failed  from  any  cause  aa  hatsoever,  there  is 
amide  time  to  ploAv  the  land  and  to  soav  rape  upon  it.  In  some  seasons 
it  may  also  be  soavu  after  harvest  Avliere  autumn  cultivation  is  prac^ 
ticed;  that  is,  Avhere  it  is  customary  to  ploAA'  the  land  lightly  after  the 
CIO])  has  been  reaped.  It  may  then  be  soAvn  broadcast  or  in  drills  as 
desired.  The  chief  dilliculty  will  arise  from  the  dry  Aveather,  AA’hicli 
sometimes  prcA^ails  at  such  seasons,  and  AAhich  AviU  so  far  hinder  the 
pro])er  germination  of  the  seed.  It  may  be  sown  among  corn  just 
before  the  last  cultivation  which  is  to  be  given  to  the  corn.  The  shade 
furnished  by  the  corn  is  favorable  to  germination.  Under  somecondi 
tions  the  corn  may  furnish  too  much  shade,  but  ordinarily  the  rape  will 
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get  a good  start  before  tbe  corn  is  cut  and  will  then  grow  vigorously 
after  that  season. 

Kape  may  also  be  sown  along  with  grain  in  the  spring  where  the 
ground  is  not  sown  with  grasses  at  the  same  time.  It  may  be  sown 
with  the  grain  drill  and  may  be  allowed  to  fall  before  the  tubes,  or  it 
may  be  sown  by  hand  after  the  drill  and  covered  by  the  roller.  About 
3 pounds  of  seed  per  acre  may  be  used.  Ordinarily  the  growth  of  tlie 
rape  will  not  interfere  with  that  of  the  grain  crop,  and  it  will  grow 
vigorously  and  furnish  excellent  pasture  after  the  grain  has  been  cut. 
vSometimes,  however,  the  luxuriant  growth  of  the  grain  will  imove  fatal 
to  the  rape. 

KAPE  AS  A GREEN  MANURE. 

As  a green  manure  rape  maybe  made  to  serve  a useful  end.  Where 
the  bare  fallow  system  is  practiced,  rye  may  be  sown  in  the  autumn 
and  plowed  under  in  the  spring  when  well  grown.  This  maybe  imme- 
diately followed  by  the  rape,  which  in  turn  could  be  plowed  under  be- 
fore sowing  a crop  of  winter  wheat.  This  would  be  a cheap  and  effect- 
ive way  of  renovating  worn  soils.  A light  dressing  of  nitrate  of  soda 
may  be  given  to  the  rye  in  the  early  sirring  and  superphosphate  ap])lied 
along  with  the  rape.  The  rape  could  be  eaten  oft  before  sowing  the 
wheat  if  it  were  required  for  pasture.  But  where  peas  will  grow  a 
ci  op  of  peas  will  be  more  effective  than  a crop  of  rape. 

Bape  may  be  sown  for  mannrial  purposes  by  any  of  the  methods  de- 
scribed when  speaking  of  it  as  a catch  croi),  but  where  the  facilities  are  at 
hand  it  will  i)robably  be  more  profitable  to  use  it  as  a pasture. 

RAPE  AS  A CLEANING  CROP, 

As  a cleaning  crop  rape  has  but  few  equals  when  it  is  grown  in 
drills,  owing  to  the  season  of  the  year  at  which  it  must  be  sown  to 
obtain  good  yields  and  to  the  cultivation  which  it  then  requires, 
When  rape  is  the  only  crop  groAvn,  the  ground  may  be  managed  as  a 
bare  fallow  from  the  preceding  autumn  until  the  time  of  the  sowing  of 
the  rape.  Nearly  all  kinds  of  weeds  can  be  sorely  harassed  in  this 
way,  but  more  especially  those  whicli  ripen  their  seeds  early.  The 
cultivation  which  follows  while  the  rape  is  growing  is  peculiarly  fatal 
to  weeds  of  a later  habit  of  growth,  When  rape  follows  a crop  of  rye 
cut  green  it  is  also  peculiarly  helpful  in  destroying  weeds,  The  rye 
tends  to  smother  the  weeds  and  is  cut  before  they  mature  their  seeds. 
The  idowing  and  cultivation  whicli  (*ome  later  still  further  tend  to 
complete  the  work  of  destruction.  (Irowing  rai)e  in  drills  after  a grain 
crop  has  been  removed  is  also  serviceable  in  destroying  weeds,  though 
not  quite  t o the  same  extent  as  when  it  is  grown  by  one  or  the  other  of 
the  methods  mentioned  above. 
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PRECAUTIONS  TO  BE  OBSERVED  IN  FEEDING  RAPE. 

There  are  some  dangers  connected  with  feeding  rape  whicli  can  not 
be  overlooked  without  serious  hazard.  It  has  been  mentioned  when 
speaking  of  rape  as  a pasture  that  sheep  should  not  be  put  upon  it 
when  hungry  lest  they  should  eat  too  much.  The  same  is  true  of  cat- 
tle. To  avoid  this  danger  some  feeders  put  the  cattle  oii  the  rape  only 
for  a short  time  at  the  first,  and  gradually  extend  these  grazing  periods 
until  the  animals  may  with  reasonable  safety  be  left  upon  the  rape  all 
the  time. 

With  valuable  breeding  animals  the  practice  would  probably  be  a 
wise  one  which  would  have  the  sheep  turned  in  upon  the  rape  field 
after  the  dew  had  lifted  aud  taken  out  of  it  at  night  before  the  falling 
of  the  dew.  They  would  not  be  turned  in  again  upon  the  rape  in  the 
morning  until  they  had  previously  taken  food  from  some  other  source. 

When  rape  is  fed  as  a soiling  eroii  this  danger  may  be  completely 
avoided,  since  the  amount  to  be  given  is  then  entirely  under  the  control 
of  the  feeder. 

Although  grain  is  not  usually  required  by  sheep  or  lambs  when 
feeding  on  rape,  in  time  of  frosts  they  may  with  advantage  be  given  a 
feed  of  oats  early  in  the  morning  from  day  to  day,  and  Avhen  this  iwac- 
tice  has  once  been  commenced,  it  would  probably  be  unwise  to  discon- 
tinue it.  The  tendency  to  certain  digestive  troubles  apparent  at  such 
times  would  thereby  be  lessened. 

The  animals  feeding  upon  rape  should  have  access  to  salt  at  will. 
They  seem  to  crave  large  quantities  at  sueh  times,  and  when  thus 
eaten  freely  it  tends  to  prevent  scours  and  is  also  in  other  ways  help- 
ful to  digestion. 

The  dangers  attendant  upon  pasturing  upon  rape  are  not  so  great  in 
dry  years.  In  such  seasons  there  may  be  little  or  no  loss,  but  in  those 
of  an  opposite  character  the  losvses  may  be  considerable,  unless  close 
attention  is  given  to  the  animals  when  feeding  it  off,  and  it  is  well  to 
take  this  into  account  when  undertaking  to  grow  rape  for  pasture. 
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NOSTRUMS  FOR  INCREASING  THE  YIELD  OF  BUTTER. 


LETTER  OF  TRANSMITTAL. 


U.  S.  Derartment  of  Agriculture, 

Division  of  Chemistry, 
Washington,  J).  C.,  May  11,  1893. 

Sir:  I beg  to  submit  for  your  inspection  the  manuscript  of  Farmers’  Bulletin  No. 
12,  on  nostrums  for  increasing  the  yield  of  butter. 

Respectfully, 

H.  W.  Wiley, 

Chemist. 

Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 


GILT-EDGE  BUTTER  COMPOUND. 

For  several  years  tlie  farmers  of  the  country  liave  been  tempted  to 
invest  in  various  secret  nostrums  wliich  it  was  claimed  Avonld  increase 
the  yield  of  butter.  In  the  Annual  Eeport  of  the  Department  for  1891 
an  analysis  of  a sample  of  this  kind  and  a description  of  its  effect  in 
increasing  the  apparent  yield  of  butter  were  given.  The  report  was 
as  follows: 

Mr.  H.  J.  Fish,  superiiiteudent  of  the  Producers’  Dairy  Company,  324  B street 
southwest,  Washington,  D.  C.,  brought  to  me  a samxde  of  genuine  butter,  together 
with  a sample  of  artihcial  butter,  prex)ared  by  taking  equal  i>arts,  by  weight,  of  the 
genuine  butter  and  milk  and  churning  them  together  with  the  addition  of  a small 
quantity  of  the  substance  known  as  gilt-edge  butter  compound,”  from  the  Planet 
Manufacturing  Com]>any,  of  Wichita,  Kans.  The  directions  for  the  use  of  this  com- 
pound are  to  take  a pint  of  fresh  unskimmed  milk  and  as  much  of  the  comiiound  as 
you  can  heaji  on  a silver  lO-cent  jiiece,  and  thoroughly  mix  the  comiiound  and  milk 
together  in  the  churn  with  as  much  salt  as  is  necessary  to  salt  1 iiound  of  butter. 
Add  to  this  1 pound  of  soft  butter,  and  churn  until  the  whole  mass  has  come  to  but- 
ter, when  you  will  have  2 pounds  of  butter  and  no  milk.  It  is  directed  that  the 
genuine  butter  should  not  be  melted  but  made  very  soft  and  x)liable,  so  that  the 
churn-dasher  will  easily  g(»  through  it.  The  milk  should  be  warmed  to  the  tenn)era- 
ture  at  which  it  is  taken  from  the  cow.  The  churn  should  always  be  scalded  or 
warmed  sufficiently  to  prevent  chilling  the  milk,  jilenty  of  salt  added,  and  butter 
color,  if  used,  before  churning.  It  is  particularly  enjoined  that  the  butter  should 
not  be  worked,  but  should  be  made  into  rolls  and  put  into  jars  and  set  away  in  a 
cool  place  to  harden. 
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The  sample  of  genuiue  dairy  butter  which  was  furnished  with  the  compound  was 
found  to  contain — 

Per  cent. 


Water 15.92 

Butter  fat 80. 53 

Ash 38 

Curd  and  undetermined 3. 17 


This  represents  a fair  sample  of  butter,  witli  the  exception  that  the  water  and  curd 
are  a little  higher  than  the  average.  In  tlie  premium  butters  obtained  at  the  Chicago 
Dairy  Show  in  1889,  the  percentage  of  moisture  varied  iu  ten  samples  from  8.69  per 
cent  to  11.86  per  cent. 

The  artificial  butter  prepared  from  the  above  by  the  Producers’  Dairy  Company 
was  subjected  to  analysis,  and  the  following  numbers  were  obtained: 

Per  cent. 


Water 49.55 

Butter  fat 45. 45 

Ash 1.34 

Curd  and  undetermined 3.  66 


It  would  appear  from  the  above  that  the  artificial  butter  had  been  made  by  churn- 
ing the  pure  butter  with  a very  dilute  milk. 

There  was  no  doubt  at  all  that  the  gilt-edge  butter  compound  would  do  what  was 
claimed  for  it,  inasmuch  as  Mr.  Fish  had  made  the  butter  himself  according  to  the 
directions. 

The  compound  was  also  submitted  to  a practical  test  iu  the  laboratory  of  this  De- 
partment, and  it  was  found  that  with  1 pound  of  butter,  1 pint  of  milk,  and  about  1 
gram  of  the  butter  compound,  2 pounds  of  material  could  easily  be  made  which  re- 
sembled very  closely  a first-class  article  of  butter,  except  that  it  Avas  considerably 
softer. 

It  was  at  once  suspected  that  the  compound  contained  some  emulsifjung  substance, 
either  of  a mineral  nature  or  some  organic  ferment.  On  subjecting  the  butter  com- 
pound to  analysis  it  was  found  to  contain  70.48  per  cent  of  anhydrous  sodium  sul- 
phate and  29.52  per  cent  of  organic  matter.  This  organic  matter  responded  perfectly 
to  the  test  for  pepsin,  and  j)art  of  it  Avas  undoubtedly  pepsin;  AA'hether  apure  pepsin 
or  a crude  form  Avas  not  determined.  Having  established  the  fact  that  this  Avas 
pepsin,  exj)eriments  Avere  made  Avith  pepsin  and  other  digestive  ferments,  \\z,  paii- 
creatin  and  trypsin.  These  bodies  act  as  pepsin,  and  produce  an  emulsion  Avhich 
enables  butter  to  incorporate  an  equal  Aveight  of  milk  in  its  substance  Avithout 
materially  altering  its  appearance.  The  experiments  Avere  also  tried  Avith  rennet, 
and  it  was  found  to  act  in  the  same  way;  Avheiice  it  may  be  concluded  that  all  the 
digestive  ferments,  Avhen  beaten  up  Avith  milk  and  butter  in  the  manner  indicated, 
will  produce  an  emulsion  apparently  causing  the  milk  to  entirely  disappear. 

The  gilt-edge  butter  compound  is  colored  ]»iuk,Avith  some  organic  coloring  matter, 
in  order  to  obscure  its  real  nature.  The  au hydrous  sodium  sulphate  seems  to  be 
added  simply  as  a carrying  material,  and  it  is  not  supposed  to  produce  any  active 
effect  in  the  emulsifying  process;  in  fact,  pepsin,  pancreatin,  tryjisin,  and  rennet 
used  without  anhydrous  sodium  sulphate  produce  exactly  the  same  emulsifying 
effect  as  the  gilt-edge  butter  compound. 

By  this  simple  device  the  unprincipled  dealer  could  easily  impose  upon  his  cus- 
tomers, furnishing  them  Avith  an  article  of  butter  containing  only  half  of  the  portion 
of  that  substance  Avithout  greatly  diminishing  its  price.  The  keeping  proimrties,  of 
course,  of  the  emulsified  butter  would  not  hq  very  great,  but  for  rapid  home  con- 
sumption this  would  not  be  noticed. 


T5LA0K  PEPSIN. 


During  tlieycar  1892  tlie  Department  received  many  communications 
relating  to  tlie  methods  of  increasing  the  yield  of  butter — nearly  all  the 
correspondents  speaking  of  the  agent  employed  as  black  pex)sin.”  Evi- 
dently the  success  of  those  engaged  in  the  gilt-edge  butter  compound’^ 
business  was  such  as  to  excite  the  envy  and  emulation  of  other  unscru- 
pulous persons.  Advertisements  axipeared  in  agricultural  and  other 
11'  wspapers  and  many  unwary  and  uninformed  persons  became  victims 
of  the  fraud.  The  continued  success  of  the  fraudulent  compound  was 
of  such  magnitude  as  to  warrant  another  notice  of  it  in  the  Annual  De- 
port of  the  Department  for  1892.  This  re^iort  contains  the  following  in- 
formation : 

In  the  Report  for  1891  was  puhlishcd  a description  of  a preparation  designed  to 
increase  the  yield  of  hotter.  This  preparation  was  sold  at  a high  price  and  had  the 
power  of  cansing  the  incoi’iioration  of  the  casein,  milk  sugar,  and  other  constitu- 
ents of  the  milk  with  the  hotter  fat.  This  was  effected  hy  producing  a kind  of  an 
cmnlsion  hy  Avhich  these  bodies  were  lield  in  suspension.  The  apparent  result  of 
the  process  Avas  to  double  tlie  yield  of  butter.  It  was  pointed  out  at  the  time  tiiat 
this  substance  a\  as  pepsin  and  that  the  apparent  yield  was  in  reality  a delusion,  as, 
of  course,  there  is  no  method  by  Avhich  the  actual  content  of  butter  fat  in  milk  can 
be  increased  after  the  milk  leaA'es  the  cow. 

During  the  present  year  the  Department  has  receiA^ed  numerous  inquiries  concern- 
ing the  substance  known  and  sold  as  black  pepsin,  which  is  used  for  the  purpose 
described  above.  In  reply  to  these  inquiries  the  information  has  been  of  a uniform 
character,  viz,  that  this  substance  has  essentially  the  properties  ascribed  to  it,  but 
that  its  use  in  all  case’s  must  be  regarded  as  a fraud  and  hence  avoided. 

One  sample  of  the  black  pepsin  above  referred  to  has  been  examined  by  the  Depart- 
ment and  found  to  consist  essentially  of  a mixture  of  crude  pepsin  Avith  sugar.  It 
is  hoped  that  farmers  will  not  be  deceived  bj’  the  claims  of  persons  desiring  to  sell 
this  compound,  inasmuch  as  butter  made  in  this  Avay  will  soon  spoil  and  is  practi- 
cally not  butter  but  simply  an  incorporation  of  butter  with  about  an  equal  weight 
of  other  substances.  The  sale  of  such  butter  is  also  practically  an  adulteration  of 
a food  product  and  should  be  jn'ohibited  by  law. 

In  spite  of  the  warnings  given  in  tlie  above  reports  of  tlie  Depart- 
ment and  by  the  dairy  commissions  and  agricultural  experiment  sta- 
tions of  many  of  the  States,  a brisk  and  apparently  increasing  trade 
lias  been  kept  iifi  in  these  substances  greatly  to  the  detriment  of  those 
innocently  purchasing  the  nostrums  and  to  the  consumer  of  the  product — 
a product  not  butter,  but  a mixture  of  butter  fat  with  water,  casein, 
milk,  sugar,  and  other  constituents  of  milk.  Such  a firoduct  soon  suffers 
a separation  of  its  constituents,  and  is  exposed  to  the  decay  of  its  nitrog- 
enous components  and  a speedy  rancidity  of  its  fatty  ingredients. 
The  magnitude  of  these  fraudulent  practices  and  the  extent  to  which 
they  have  spread  throughout  the  country  have  been  revealed  in  rpiite 
H s'tartling  manner  by  replies  to  a circular  asking  for  information  on 
this  subject  sent  to  boards  of  health,  members  of  dairy  and  pharma- 
ceutical associations,  and  city  officers  throughout  the  country. 
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Tlie  numerous  replies  to  this  circular  which  have  been  received  have 
been  referred  to  Mr.  A.  J.  Wedderbiiru,  special  agent  of  the  Depart- 
ment for  the  investigation  of  the  general  aspects  of  food  adulteration. 
As  a result  of  his  study  of  these  replies  Mr.  Wedderburn  has  prepared 
the  following  jneliminary  report: 

REPORT  OF  A.  J.  WEDDERBURN  ON  BLACK  PEPSIN  IN  BUTTER- 

MAKING. 

The  investigation  recently  nndertalven  of  the  extent  and  character  of  food  and 
drug  adulteration  has  revealed  two  new  and  extensive  frauds,  and  feeling  that  I 
have  secured  evidence  enough  from  reliable  sources  to  justify  the  publication  of  the 
results  of  the  in(j[uiry,  I submit  the  accompanying  advance  report  and  take  the  lib- 
erty of  suggesting  that  the  same  be  at  once  given  to  the  public  to  offset  as  far  as 
possible  the  ill  effects  of  the  proposed  expenditure  of  $125,000  in  advertising  the 
articles  prepared  by  the  firm  offering  these  goods  for  consumption  by  the  people. 

Circulars  issued  by  the  Division  of  Chemistry  of  the  U.  S.  Department  of  Agricul- 
ture, April  20,  making  inquiries  as  to  the  “ extent  and  character  of  food  and  drug 
adulteration,”  have  already  brought  replies  from  nearly  every  section  of  the  coun- 
try, many  of  which  give  trustworthy  iirformation  concerning  the  various  adultera- 
tions practiced  and  evincing  a strong  interest  in  the  subject  on  the  part  of  the 
writers. 

The  query  as  to  what  was  known  about  black  pepsin  in  (so-called)  butter- 
making ” has  brought  forth  more  replies  than  any  other,  and  the  information  ol)- 
tained  is  so  reliable  in  its  character  and  of  such  importance  that  it  is  deemed  proper 
to  present  without  delay  the  following  statement : 

(1)  Of  over  2,500  letters  received  from  all  parts  of  the  United  States  only  two 
indorse  the  use  of  black  pepsin. 

(2)  While  many  of  the  repjies  state  that  nothing  is  known  of  the  article,  numerous 
correspondents  say  they  have  had  inquiries  for  it.  A large  number  have  it  in  stock 
and  are  selling  it.  A majority  unite  in  pronouncing  it  a fraud,  and  one  writer  says 
he  has  written  the  manufacturer  that  if  any  more  of  his  printed  matter  is  sent  to 
him  he  Avill  forward  it  to  the  postal  authorities  to  ascertain  whether  the  sender  is 
not  liable  for  prosecution  for  using  the  mails  for  fraudulent  purposes. 

A reputable  chemist  sends  an  analysis  of  the  butter  made  with  this  solidifying 
adjunct,  and  it  shows  only  63  per  cent  of  butter  fat.  Butter  should  not  contain  less 
than  85  per  cent. 

The  advertisement  above  alluded  to  is  printed  on  a postal  card,  and  states  that 
$125,000  will  be  spent  this  season  in  advertising  black  pepsin  and  two  other  articles, 
one  of  which  is  a preservative  powder  for  fruits  and  vegetables,  and,  as  the  corre- 
spondent states,  nothing  more  or  less  than  salicylic  acid,  an  article  which  in  unskilled 
huuds  is  most  dangerous  to  health  and  life.  The  black  pepsin  is  retaile<l  at  $2. .50  a 
box  of  2 ounces  and  w holesaled  at  $2.  The  preservative  powder  is  sold  at  retail  for 
$1.25  a box  and  at  wholesale  for  $10  per  dozen.  For  obvious  reasons  the  name  and 
address  of  the  vendor  are  withheld. 

An  analysis  of  the  so-called  ‘‘black  pepsin  ” made  for  the  Evening  News,  Detroit 
Mich.,  and  published  in  that  paper  April  1,  1893,  show's  the  following  result: 

Per  cent. 


Salt , 83 

Annatto 15 

Rennet  and  organic  matter 2 


The  value  of  the  2-ouncc  box  sold  at  retail  for  $2.50  is  about  3 cents. 

Extensive  advertising  is  undoubtedly  creating  a large  imiuiry  for  these  products, 
though  their  sale  and  use  are  fraudulent.  The  milk  solids  are  curdled  and  the  sugar 
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and  casern  turned  to  butter,”  as  tlie’advertlser  expresses  it.  The  use  of  black  pep- 
sin certainly  violates  the  spirit  if  not  the  letter  of  the  oleomargarine  law,  and  dairy- 
men who  insist  that  oleomargarine  and  other  imitations  of  batter  shall  be  properly 
branded  of  necessity  must  oi)pose  the  use  of  any  chemical  that  certainly  perpe- 
trates as  great  a fraud  on  honest  butter  as  any  other  imitation. 

There  are  several  other  preparations  sold  in  this  country  and  Canada,  which  have 
not  yet  been  fully  investigated.  Believing  that  these  products  are  being  advertised 
by  the  press,  sold  and  used  from  ignorance  of  their  true  character  and  value,  it  is 
deemed  proper  to  submit  this  statement  in  advance  of  the  regular  bulletin  which  is 
now  in  process  of  preparation  and  can  not  be  completed  for  some  months  to  come. 

The  letters  upon  which  this  statement  is  based  have  been  received  from  the  fol- 
lowing States:  Alal)ama,  California,  Delaware,  Florida,  Georgia,  Indiana,  Illinois, 
Iowa,  Kansas,  Kentucky,  Louisiana,  Maryland,  Massachusetts,  Missouri,  Michigan, 
Nebraska,  New  Jersey,  New  York,  Ohio,  Oregon,  Pennsylvania,  Khode  Island,  Utah, 
Vermont,  Virginia,  Washington,  and  Wisconsin. 

It  seems  strange  that  such  a palpable  fraud  should  continue  to  be  practiced  after 
its  rex^eated  exposures  by  this  Department  and  by  leading  agricultural  x)ax^ers. 

METHODS  OF  ADVERTISING  BLACK  PEPSIN. 

In  respect  of  the  method  of  advertising  black  fiepsin,  the  direct  way 
of  sending  postal  cards  and  circulars  to  the  farmers  seems  to  be  the 
one  chiefly  followed. 

A vigorous  attempt  has  also  been  made  to  interest  the  druggists  of 
the  country  in  the  sale  of  this  article,  as  AVell  as  others  of  similar  char- 
acter. Following  is  a copy  of  a postal  card  which  has  iiresumably  been 
sent  to  the  drug  trade  in  general.  It  was  addressed  to  Otto  Bauchfuss 
& Co.,  Cincinnati,  Ohio.  The  card  was  mailed  at  Kew  Concord,  Ohio, 
Ai)ril,  1893: 

Prices  for  1893. 

We  will  expend  in  1893  $125,000  advertising  these  three  specialties.  Place  these 
on  your  lists,  as  you  will  certainly  receive  orders. 

Black  pepsin. — A iiowder  x)repared  expressly  for  increasing  the  yield  of  butter  and 
cheese.  Each  box  will  make  500  imunds  of  butter.  Retails  $2..50  per  box,  $24  x^er 
dozen.  Ten  per  cent  off  to  wholesale  and  jobbing  trade.  Three  per  cent  off  for 
cash  in  ten  days. 

ElectroHed  silrer.^A  metal  for  xdating  articles  usually  xilated  with  silver.  Can  be 
used  without  any  battery  and  retxuires  no  exxierience  to  apx)ly  it.  You  can  plate  a 
dozen  sx>oons  in  tifteen  minutes,  and  guarantee  them  for  ten  years.  Each  package 
will  do  $350  worth  of  plating.  Retail  price,  $7.50  per  package,  $75  x^er  dozen.  Ten 
per  cent  off  to  wholesale  and  jobbing  trade.  Three  x>er  cent  off‘  for  cash  in  ten  days. 

Compound  extract  of  sahjx. — A jiowder  for  preserving  fruits  and  vegetables.  Each 
box  xireserves  25  gallons  of  fruit.  Retails  at  $1.25  x>er  box;  $10  X)er  dozen.  Ten  x^er 
cent  off'  to  wholesale  and  jobbing  trade.  Three  off'  for  cash  in  ten  days. 

U.  8.  Salyx  Co., 

New  Concord,  Ohio,  Sole  Proprietors. 

The  electrofied  silver  mentioned  in  the  above  card  is  without  doubt 
some  mercurial  amalgam,  and  is  a striking  example  of  how  freely  in 
this  country  the  vendor  of  xioisonous  articles  is  allowed  to  bring  them  to 
the  notice  of  the  trade.  ‘‘The  comxiound  extract  of  salyx”  is  the  gorgeous 
title  under  which  the  modest  salicylic  acid  is  made  to  masquerade. 


8 


The  rigid  enforcement  of  the  postal  laws  prohibiting  the  nse  of  the 
mails  for  fraiidnlent  purposes  would  exclude  these  i^ostal  cards  from 
circulation.  The  circular  and  postal-card  advertisements  are  nearly 
the  sole  resources  of  tlie  Salyx  Company,  since  few  newspapers  will 
admit  to  their  columns  the  advertisements  of  such  barefaced  swindlers. 

WIIAT  IS  BLACK  PEPSIN? 

So  complete  is  the  fraudulent  nature  of  this  material  that  it  has  been 
doubted  by  some  eminent  chemists  whether  the  supposed  active  mate- 
rial in  it  is  of  any  value  wliatever.  This  phase  of  the  case  is  thoroughly 
set  forth  in  the  following  extract  from  a letter  received  from  Prof.  H.  A. 
Weber,  of  Columbus,  Ohio : 

* ^ * Black  pepsin  is  made  and  sold  by  a man  named  Bane,  under  the  style 

of  S.  Salyx  Co.,  New  Concord,  Oliio.’’  According  to  Prof.  Kedzie,  it  consists  of 
salt  and  coloring  matter.  It  is  sold  for  making  2 pounds  of  butter  ont  of  1 pound 
of  blitter  and  1 pound  of  milk.  It  is  also  claimed  to  be  patented,  and  comity  rights 
are  being  sold  in  this  State.  But  as  the  assignments  which  have  come  to  my  no- 
tice do  not  even  contain  the  number  of  a patent,  it  is  reasonable  to  assume  that  this 
claim  is  not  true.  Many  people  have  been  induced  to  buy  the  fraud,  in  hope  of 
making  money  out  of  it.  Numerous  inquiries  have  come  to  the  office  of  our  dairy 
and  food  commission  as  to  whether  this  butter  could  be  sold  under  our  laws  as  un- 
adulterated. But  as  it  is  one-half  butter  and  one-half  milk,  it  could  of  course  not 
be  allowed  to  be  sold. 

It  is  true  that  a pound  of  soft  butter  and  a pound  of  milk  slightly  warmed, 
churned,  or  shaken  together  will  unite  to  a solid  mass  weighing  2 pounds.  But  the 
black  pepsin  plays  no  part  in  this  operation,  as  it  can  be  accomjilished  just  as  well 
without  as  Avith  it. 

About  three  years  ago  a party  in  Marion,  Ohio,  sold  a preparation  of  this  kind  for 
the  same  purpose  for  $1  a box,  containing  about  an  ounce  of  a powder.  He  sent  the 
poAvder  through  the  mail  to  imrchasers  all  over  the  country.  A postal  detective 
sent  me  a box  for  analysis.  It  consisted  of  alum,  bicarbonate  of  soda,  and  turmeiic. 
The  circular  accomjianying  the  box  gaAm  instructions  for  making  butternut  of  equal 
parts  of  butter  and  milk,  and  for  2 pounds  it  Avas  only  necessary  to  add  of  the  pow- 
der what  would  be  held  on  the  point  of  a penknife.  I told  the  detective  that  the 
poAvder  was  a fraud,  as  the  same  thing  could  be  accomplished  without  the  addition 
of  the  poAvder.  The  party  was  arrested,  tried  before  the  United  States  court  at 
Toledo,  Ohio,  couAucted  and  sent  to  the  penitentiary  for  using  the  mail  for  fraudu- 
lent purposes.  This  black  pepsin  is  just  as  great  a fraud. 

If  you  wish  to  make  the  experiment,  put  a pound  of  soft  butter  into  a wide- 
necked  bottle,  add  a pint  of  lukewarm  milk  and  shake  for  a moment,  and  you  aauII 
see  hoAV  readily  the  milk  and  butter  AA’ill  emulsify.  * * * 

From  our  correspoiideuts  Ave  learn  that  iiiaiiy  other  nostrums  are  in 
use  besides  those  which  Ave  haA^e  mentioned  in  this  report  and  the 
analyses  of  which  folio av.  All  of  these  preparations  make  the  same 
claim  for  increasing  the  yield  of  butter.  Among  others,  one  corre- 
spondent says  that  a mixture  of  alum,  pejisin,  and  yolk  of  egg  has  been 
employed,  which  Avith  1 pound  of  butter  and  1 quart  of  milk  will  make 
2 xjounds  of  richl^^  colored  butter. 
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GUTTER  MADE  WITH  THE  COMPOUND. 

It  is  not  probable  that  butter  made  in  any  of  the  Avays  mentioned 
or  by  any  of  the  means  employed  can  secure  a i^ermanent  hold  in  the 
market.  Its  tendency  to  separation,  decomposition,  and  rancidity 
A\muld  be  so  great  as  to  condemn  it  for  general  use.  Nevertheless  such 
butters  are  found  in  our  markets,  as  the  following  letter  from  Dr.  Henry 
Leffmann,  715  Walnut  street,  Philadelphia,  will  shoAv: 

I send  you  by  this  mail  a small  sample  of  butter  such  as  is  occasionally  sold  in 
this  city,  principally  in  tlicdistrict  mostly  occupied  by  very  poor  ])eople  ; in  fact,  the 
“ slum”  district.  This  butter,  when  first  bought,  is  pale  and  spongy.  The  sample 
lias  dried  somewhat,  but  when  I first  got  it  it  contained  approximately  40  per  cent 
of  water.  Several  samples  were  brought  in,  and  I am  not  sure  that  the  portion  I 
send  you  is  from  that  which  I analyzed,  but  they  are  evidently  of  the  same  general 
origin.  I do  not  know  how  the  butter  is  prepared,  but  it  is  sold  at  about  half  the 
price  per  pound  lump  that  ordinary  butter  brings.  In  samples  purchased  about  a 
year  ago  I failed  to  find  any  fat  other  than  butter  fat,  but  I have  not  tested  the 
recent  samples  for  this  determination.  I send  the  sample  to  you,  because  it  may 
be  of  some  interest  as  one  of  the  adulterations  of  dairy  products,  and  I will  be 
pleased  to  learn  of  safe  arrival. 

The  sample  of  butter  gave  ou  analysis  the  folloAving  data: 

Per  cent. 


Water 31. 93 

Fat 67.30 

Curd 63 

Ash  (salt) 15 


The  butter  fat  contained  4.8G  iier  cent  volatile  acids  and  gaAm  a lleich- 
ert  number  of  27,02.  It  Avas  therefore  pure  butter  fat.  The  remark- 
able  features  of  this  butter  are  its  excessive  water  content  and  its 
extremely  Ioav  percentage  of  curd  and  salt.  It  appears  to  have  been 
made  originally  by  emulsifying  a fair  quality  of  butter  Avith  a large 
quantity  of  water.  It  could  not  have  been  emulsilied  with  milk  on 
account  of  the  Ioav  content  of  curd. 

A simple  test  can  be  easily  applied  by  anyone  to  distinguish  one  of 
these  so-called  butters  from  the  genuine  article.  On  melting  a genuine 
article  of  butter  the  amount  of  water  which  Avill  separate  on  the  top  of 
the  melted  mass  is  very  small  and  should  not  exceed  12  per  cent  in 
volume  of  the  whole  material.  By  placing  a little  of  the  suspected  but- 
ter in  an  ordinary  test  tube  and  melting  it  at  a gentle  temperature  and 
comx)aring  the  same  with  a sample  of  genuine  butter  the  difference  in 
the  amount  of  the  material  not  butter  fat  will  at  once  be  noticed.  In 
the  adulterated  article  almost  half  of  the  Avhole  volume  will  be  a mix- 
ture of  water,  curd,  and  other  materials,  Avhile  Avith  the  genuine  article 
of  butter  the  fat  will  separate  in  a clear,  limpid  mass,  and  a small 
amount  of  water  and  a little  curd  only  Avill  appear  at  the  top.  It  is 
not  difhcult  for  any  person,  no  matter  hoAV  unskilled  in  manipulation, 
to  distinguish  the  fraudulent  from  the  genuine  butter  by  the  test 
described. 
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Analyses  of  butter  compounds. 

All  attemiit  AA^as  made  to  secure  samples  of  all  the  various  nostrums 
Avhich  are  sold  for  the'puri)ose  of  fraudulent  use  in  butter-making,  and 
a description  of  the  samples  Avhich  have  been  received,  with  the  results 
of  the  analyses,  are  giceii  beloAv: 

Serial  11255. — Purchased  of  Ott  & Nicoud’s  pharmacy,  northwest  corner  Fifth 

and  Piue  streets,  Philadelphia,  Pa.  Small  sample,  for  which  38  cents  in  stamps  were 
paid.  The  substance  was  a brick-red  powder,  mixed  Avith  a white  crystalline  powder 
containing  an  abundance  of  the  characteristic  starch  grains  and  fragments  of  the 
seed  coat  of  some  leguminous  seed,  probably  the  pea  or  beau.  The  sample  Avas  accom- 
panied by  the  printed  directions  for  making  l)utter  with  black  pepsin  Avhich  folloAv: 

‘“^liet  the  cream  or  milk  stand  until  sour  and  thick,  as  yon  Avould  for  ordinary 
churning.  Then  churn  at  a temperature  of  from  65'^  to  70*^  until  the  butter  begins 
to  gather,  then  stop  churning.  Now  take  4 pounds  of  butter  for  each  gallon  you  are 
churning,  and  heat  it  to  about  100° ; add  to  the  melted  butter  1 teaspoonful  of  black 
pepsin  to  each  4 pounds  melted  butter.  (The  directions  on  each  box  of  black  pep- 
sin tell  hoAV  to  dissolA'e  it.)  Three  gallons  of  cream  Avould  require  12  pounds  of  but- 
ter melted  and  3 teaspoonfuls  of  dissolA^ed  black  pepsin ; after  you  have  added  the 
black  pepsin  to  the  melted  butter,  Avhile  still  warm,  pour  it  into  the  churn  and  churn 
until  the  butter  is  like  thick  cream;  then  draw  off  the  buttermilk,  and  pour  in  on 
the  warm  butter  enough  strong  brine  to  cool  and  harden  the  l)utter;  make  the  brine 
of  salt  and  cold  water — the  colder  the  better;  churn  the  butter  in  this  brine  a few 
minutes  till  it  breaks  in  lumps  as  butter  usually  does,  then  take  up,  work,  and  salt 
to  taste.  After  deducting  the  weight  of  the  melted  butter  you  should  haA^e  more 
than  twice  the  butter  you  would  in  the  usual  way  of  churning,  and  it  requires  much 
less  time  to  churn.  The  melted  butter  causes  the  black  pepsin  to  assimilate  Avith 
the  cream,  and  unites  in  the  form  of  butter  all  the  cheese,  sugar,  and  butter  that 
milk  contains.  You  can  use  strong  butter  or  butter  that  is  off'  in  color  for  melting, 
as  the  heating  and  churning  in  fresh  buttermilk  Avill  make  the  strong  butter  fresh, 
SAveet,  and  uniform  in  color.  The  more  milk  the  cream  contains,  the  more  butter 
you  can  make;  so  do  not  skim  the  cream  close,  but  leaAe  in  plenty  milk — the  more 
the  better.  Remember  this ; LeaA^e  in  plenty  milk — the  more  the  better. 

Copfirighted  in  the  United  States  of  America,  according  to  act  of  Congress,  in  1892,  hy 
Cloud  Uarlin,  of  Toronto,  Canada.” 

Serial  No.  11257.— K small  sample  of  black  lAepsin  from  C.  P.  Benson,  druggist, 
CharlottesAille,  Va.  The  sample  consisted  of  one-eighth  ounce,  and  the  price  paid 
was  40  cents.  It  had  the  same  physical  and  microscopical  composition  as  No. 
11255. 

Serial  No.  1125S. — Bought  of  EdAvard  N.  Cole,  druggist,  Kokomo,  Ind.  One  box  of 
black  ])epsin,  of  which  the  pri(‘e  Avas  $2.50.  The  directions  for  making  butter  are 
the  same  as  aboAm.  Printed  on  the  box  is  a statement  that  ^fthe  contents  of  this  box 
are  sufficient  for  500  pounds  of  butter.’^  Examined  by  the  microscope  the  sample 
disclosed  black  masses  of  granular  matter  Avhich  contained  soluble  starch  but  no 
visible  unchanged  starch  grains.  It  was  a mixture  of  reddish-broAAui  particles  of 
armatto,  Avhite  crystalline  particles  and  blackish  particles,  giving  the  AA’hole  a 
grayish  aj)pearance.  It  was  evidently  quite  a diff'erent  compound  from  the  two 
mentioned  above. 

Serial  No.  11259. — Bought  of  R.  H.  Thomas,  publisher  of  Farmers’ Friend,  Mechan- 
icsburg.  Pa.  The  directions  for  use  Avere  the  same  as  given  above.  The  microscop- 
ical and  physical  appearance  of  the  sample  Avas  the  same  as  for  No.  11255.  Price  of 
box,  $2.50. 

Serial  No.  11260. — Bought  of  AVest  A .Tenuy,  Boston,  Mass.  It  contained  the  same 
directions  as  printed  above  and  resembled  in  every  respect  No.  11255. 
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Serial  JVo.  11263. — Crilt-edgo  bnttef  compomid;  Conglit  of  d.  W.  Smart,  (Irnggist, 
Alleglieiij^,  Pa.  Mr.  Smart  writes  tliat  sample  of  powder  inclosed  for  examina- 
tion is  being  pushed  very  extensively  in  tbls  locality  at  x)resent.  I bave  been  asked 
to  handle  it,  also  ba<l  calls  for  it  ami  Idack  pepsin,  neither  of  which  I have  in  stock. 
The  calls  for  black  pepsin  come  from  the  latming  district  out  the  Pittsburg  and 
Western  Pailroad.’^  The  circular  describing  its  properties  and  use,  which  accom- 
panied the  sample,  is  given  on  page  12,  under  NOi  11665. 

On  microscopic  examination  it  was  found  to  be  a pinkish-colored  powder,  only 
partially  soluble  in  water.  The  coloring  matter  is  insoluble  in  ether  and  soluble  in 
water,  properties  which  are  directly  opposite  to  those  of  annatto.  The  amount  of 
the  sample  was  so  small  as  to  render  a satisfactory  determination  of  the  coloring 
matter  impracticable. 

The  insoluble  matter  is  composed  of  wheat  or  rye  starch  and  granular  matter,  the 
nature  of  which  was  not  determined.  The  sample  did  not  appear  to  contain  any 
pepsin  or  rennet,  or  organic  ferment  capable  of  coagulating  milk.  The  mineral 
matter  which  it  contained  was  sodium  sulphate,  of  which  the  quantity  found  was 
50.18  (anhydrous  salt).  From  the  above  it  is  seen  that  this  sample  of  gilt-edge 
butter  compound  is  quite  ditferent  from  that  which  was  originally  analyzed  in  the 
Division  of  Chemistry. 

Serial  Wo.  11264. — Bought  of  the  Standard  Drug  Company,  Cincinnati,  Ohio. 
Price  of  box,  $2.50.  It  contained  the  same  directions  for  use  as  given  above.  The 
sample  resembles  in  every  respect  No.  11255. 

Serial  No.  11265. — Sent  by  N.  W.  Cady,  secretary  board  of  health,  Logansport,  Ind. 
He  says:  send  you  herewith  a sample  of  ‘preservaline’  for  analysis  by  the  Chem- 

ical Department.  There  is  no  bill  for  the  stuff,  and  I will  feel  amply  repaid  if  you 
will  let  me  know  the  results  of  the  examination.  The  circular  which  I send  with  it 
directs  its  use  in  the  proportion  of  1 to  70,  so  you  may  judge  of  the  dangerous 
results  likely  to  attend  the  use  of  such  excessive  ([uautities  of  a substance  which  is 
most  likely  poisonous.’’ 

The  examination  showed  that  it  was  a white  powder  soluble  in  water.  On  heat- 
ing it  fuses  to  a colorless  glass  without  blackening,  showing  the  absence  of  any  con- 
siderable portion  of  organic  matter.  It  seems  to  be  almost  exclusively  compose  ! of 
borax.  A sample  of  ^^preservaline,”  which  was  analyzed  for  the  Evening  News,  of 
Flint,  Mich.,  contained : common  salt,  45.30  per  cent;  borax,  44.18  per  cent,  and 
water,  7.80  per  cent.  It  is  used  largely  for  preserving  meat,  and  according  to  Mr. 
B.  Terne  it  contains,  when  used  for  this  purpose,  rosanilin,  intended  to  give  meat 
preserved  with  it  the  red  color  supposed  to  be  peculiar  to  that  pickled  with  potas- 
sium nitrate.  This  red  color  is  omitted  when  the  sub.stance  is  intended  to  be  used 
for  preserving  butter  or  milk. 

Serial  No.  11267. — Theboxhad  been  opened  and  some  of  the  material  used.  Presented 
by  W.  M.  Hilleary,  lecturer  State  Grange,  Turner,  Oregon.  The  sample  was  similar 
to  No.  11258  in  all  of  its  physical  and  microscopical  characteristics,  except  that  it 
contained  a little  more  annatto  than  that  sample. 

Serial  No.  11268. — Tlui  sample  was  purchased  from  parties  furnishing  it  to  cream- 
eries at  Owosso  and  Vernon,  Mich.,  who  use  it  in  churning  over  old  rancid  bntter  for 
making  fresh  creamery  butter  out  of  it.  It  was  sent  by  S.  J.  Wilson,  secretary  of 
the  Michigan  Dairy  Association,  Flint,  Mich. 

It  is  a white  powder  only  partially  soluble  in  water.  The  insoluble  portion  is  com- 
posed of  wheat  or  rye  starch  and  some  undetermined  granular  matter.  The  sanqde 
does  not  have  any  power  of  coagulating  milk  and  therefore  probably  contains  no 
organic  ferment.  The  soluble  portion  is  composed  chiefly  of  sodium  sulphate  and 
potassium  nitrate.  It  contained  of  the  latter  substance  47.80  per  cent.  It  also  con- 
tained 11.13  per  cent  of  albuminoid  substances.  It  is  essentially  a mixture  of  potas- 
sium nitrate  with  some  sodium  sulphate  and  a large  quantity  of  wheat  or  rye  dour. 
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Serial  No.  11200. — Eonglit  from  Morrisson,  Plnmmer’&.  Co.,  Chicago,  Til.  Price,  $2. 
The  sample  resembles  in  every  respect  No.  11255. 

Serial  No.  11270. — Componml  extract  of  salyx.  Purchased  from  Morrisson,  Plummer 
& Co.,  (Chicago,  111.  Price  85  cents.  The  substance  is  used  for  preserving  milk  and 
butter.  It  is  a white,  homogeneous,  distinctly  crystalline  powder,  without  any 
appreciable  ash.  proper  tests  it  was  found  that  it  was  nothing  but  salicylic 
acid. 

Serial  No.  11005. — Gilt-edge  butter  compound.  Obtained  from  the  New  York  State 
dairy  commissioner,  who  secured  it  from  the  Eureka  Manufacturing  Company,  office, 
444  Broadway;  manufactory,  10  Lancaster  street,  Albany,  N.  Y.  The  letter  of  the 
company,  accompanying  the  sample,  was  as  follows: 

“We  send  you  a small  sample  of  our  butter  compound  (enough  to  make  several 
pounds).  In  making  tests,  jmu  need  not  nse  a pound  of  butter  and  a pint  of  milk 
as  directions  say,  but  use,  say,  one-quarter  pound  butter  and  one-quarter  pint  milk 
and  compound  in  proportion.  Use  a quart  bowl  and  a spoon  for  a churn,  and  the 
result  will  be  the  same  with  less  expense,  and  ranch  easier  tested.  Beat  the  mixture, 
as  you  would  beat  an  egg,  into  a froth,  and  if  the  ingredients  are  all  of  the  right 
temperature  it  will  come  in  two  minutes.  Follow  the  directions  closely  and  you 
can  not  fail  of  having  success.’^ 

The  chemist  of  the  New  York  State  dairy  commission,  R.  D.  Clark,  m.  d.,  in  for- 
warding the  sample,  says : “We  have  known  that  ^ butter  compound’  has  been  adver- 
tised from  444  Broadway,  Albany,  N.  Y.,  for  several  months.  But  as  we  have  no 
jurisdiction  over  the  compound  we  have  paid  no  attention  to  that,  except  to  nse  it 
as  directed  in  order  to  determine  the  nature  of  the  product.  It  is  the  producr  on 
the  market  that  we  want  to  lind,  which,  as  I stated  in  a previous  letter,  we  have 
been  unable  to  do  as  yet.  ^ * Mr.  Talmage,  a party  who  makes  the  stuff, 

informs  me  that  it  is  composed  of  two  parts  of  bicarbonate  of  soda  and  one  part  of 
sugar  of  milk.  It  originally  contained  chrome  yellow,  but  that  is  now  left  out.” 

The  sample  which  we  received  was  a white  powder  entirely  soluble  in  water.  A 
qualitative  examination  showed  the  mineral  matter  present  to  be  bicarbonate  of 
soda,  with  a trace  of  sulphate  and  chlorid,  probably  as  impurities.  The  bicarbon- 
ate of  soda  is  mixed  with  an  organic  substance  which  reduces  Fehling’s  solution 
very  powerfully,  and  by  other  tests  is  shown  to  be  milk  sugar.  The  sam])le  does 
not  coagulate  milk  and  therefore  does  not  seem  to  contain  any  pepsin,  rennet,  or 
other  organic  ferment. 

BUTTER-MAKING  BY  A NEW  PROCESS. 

All  attempt  was  also  made  to  obtain  more  definite  information  in 
regard  to  a new  process  of  making  butter,  which  is  described  in  the 
following  circular: 

NEW  PROCESS  OF  MAKING  BUTTER  FROM  MILK. 

The  butter  industry  of  the  United  States  is  of  immense  importance.  In  round 
numbers,  there  are  from  $5,000,000  to  $15,000,000  wortli  sold  annually  in  each  State. 
In  1890  Illinois  produced  95,000,000  pounds,  worth  about  $20,000,000;  Wisconsin, 
45,000,000  pounds,  worth  $9,000,000;  Iowa,  100,000,000  pounds,  worth  $21,000,000; 
Miniu*sota,  42,000,000  pounds,  worth  $8,000,000;  Michigan,  40,000,000  ijounds,  worth 
$7,500,000. 

The  capital  of  all  the  national  (and  registered)  banks  in  1885  was  $040,000,000, 
while  the  assessed  value  of  the  cows  of  the  country  was  $700,000,000. 

It  is  estimated  that  thtue  were  1,200,000,000  pounds  of  butter  manufactured  in  the 
United  States  during  1890.  The  annual  dairy  product  exceeds  in  value  that  of  the 
lumber,  wheat,  and  iron  interests  combined. 
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It  is  apparent  that  any  improvement  which  materially  increases  the  butter  prod- 
uct must  be  of  immense  value.  Recently  it  has  been  discovered  that  the  amount  of 
butter  produced  from  a given  quantity  of  milk  can  be  more  than  doubled  while  the 
article  so  produced  is  of  superior  value.  Many  trials  and  tests  have  been  made  to 
determine  the  correctness  of  the  inventoRs  claims.  For  accuracy,  comprehensive- 
ness, understanding,  and  unimpeachable  veracity  none  are  entitled  to  more  respect 
and  confidence  than  the  tests  made  at  the  State  experimental  farm  of  Minnesota  by 
Prof.  Edward  D.  Porter,  superintendent.  These  tests  (or  trials)  extended  through 
a period  of  seven  months,  and  are  graidiically  stated  by  the  professor,  who  says : 

‘‘  Butter,  as  commonly  made  in  the  best  creameries,  is  obtained  in  the  maximum 
ratio  of  4 pounds  to  every  100  pounds  of  milk,  this  proportion  decreasing  according 
to  the  quality  of  the  milk  and  the  manner  of  churning.  Every  100  pounds  of  milk 
contain  in  round  numbers  87  pounds  of  water,  4 pounds  each  of  butter,  casein,  and 
sugar,  and  a pound  of  salt  and  other  solids.  By  the  common  process  of  churning  we 
get  only  the  butter  and  lose  the  casein  and  sugar;  in  making  cream  cheese  we  get 
the  butter  and  casein  and  lose  the  sugar.  This  new  x>rocess  gets  all  these  elements, 
and  consequently  makes  12  j)ounds  of  butter  where  otherwise  but  4 j^ounds  are 
obtained. 

^^My  scales  told  me  that  the  claims  of  the  inventor  were  thus  far  substantiated, 
for  the  work  was  done  under  my  own  eye.  The  remaining  questions  were  as  to  the 
quality  of  the  butter  in  taste  and  purity.  I have  proved  the  butter  pure,  for  no 
chemicals  are  used  in  it  other  than  those,  such  as  salt  and  coloring  matter,  which 
are  used  by  all  creameries.  My  customers  have,  with  myself,  proved  the  taste,  find- 
ing it  sweet  and  flavored  like  the  best  of  creamery  butter,  and  Wesley  Neill  found 
it  sells  equally  with  his  best  brands  that  are  stock  favorites. 

am  satisfied  that  the  new  process  will  revolutionize  the  butter  industry  wher- 
ever a dairy  is  large  enough  to  warrant  its  use.  The  lU'ocess  is  entirely  mechanical. 
It  consists  in  a more  perfect  churning  and  regulation  of  temperature.^^ 

It  should  be  said  by  way  of  ex^jlauation  that  this  new  process  butter  contains  all 
of  the  muscle  and  fat-producing  elements  of  milk.  What  mother  attempts  to  raise 
an  infant  on  butter  or  cheese  alone? 

Milk  in  its  totality  represents  a comj)lete  and  tyx)ical  food,  in  which  all  the  con- 
stituents necessary  for  maintaining  life  and  growth  of  the  body  are  present;  while 
the  butter  element  alone,  i.  e.,  creamery  butter,  does  not  contain  this  typical  food, 
and  is  in  no  jiroper  sense  a muscle  or  health  builder. 

This  new  x)rocess  butter,  upon  the  contrary,  is  a tyi^ical  food,  bj^  reason  of  its  con- 
taining the  casein  and  sugar  of  the  milk.  (It  is  casein  and  sugar  that  gives  us 
liealthy  children.)  Casein  is  the  chief  x^roteid  in  milk,  in  its  character  closely  re- 
lated to  alkali  albuminates,  containing  also  a large  amount  of  x^lio^x^horus,  on 
account  of  which  it  is  closely  allied  to  nucleo-albumin,  being  in  the  truest  and  full- 
est sense  a nerve  and  muscle  building  food. 

Thus  it  may  be  fairly  said  that  this  new  XJrocess  butter  is  of  far  sux^erior  value  to 
our  best  creamery  x^roduct.  If  we  can  get  double  the  quantity  from  the  same  milk, 
and  if  the  butter  so  obtained  is  of  superior  value,  it  may  be  said  in  all  fairness  that 
the  new  process  is  valuable. 

Referring  to  the  amount  made  by  the  States  cited  above,  it  will  be  seen  that  we 
add  270,000,000  pounds  annually  to  their  butter  x^roduct  and  that,  too,  without  the 
addition  of  a single  cow.  An  interest  so  immense,  an  industry  so  honorable  and  val- 
uable to  the  community  is  not  often  found. 

Nothing  calculated  to  restore  health  and  build  ii})  American  manhood  equal  in 
X>romise  and  extent  to  tliis  new  process  of  butter-making  has  occurred  in  the  x^ast 
quarter  of  a century. 

From  the  Waukegan  Record,  Waukegan,  111. : 

The  inventor,  after  long  and  x)atient  study  and  ex])eriments,  patented  a new  process 
for  making  butter^  apd  has  spent  a week  showing  the  practical  ox>oiatiou  of  the 
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process  on  the  well-known  dairy  farm  of  L.  N.  Brown,  of  Gurnee.  Brown  says,  after 
repeated  trials  of  over  seventy  churnings,  he  has  made  from  14  to  16  pounds  of  pure, 
sweet  butter,  etiual  in  every  respect  to  the  best  creamery,  from  100  pounds  of  milk, 
while  by  the  old  process  the  average  is  al)Out  4 pounds  to  the  100.” 

Better  butter  and  more  of  it  is  the  watchword  of  the  day. 

Prof.  Porter  says:  “I  saw  the  result  yesterday  of  an  analysis  at  the  State  Univer- 
sity, and  the  butter  Avas  pronounced  the  purest  they  had  ever  seen.  It  will  keep 
much  longer  than  any  other  butter.  It  contains  no  cheese,  but  casein,  from  Avhich 
cheese  is  made,  is  turned  into  butter.  It  is  just  as  good  and  more  nutritious  than  the 
best  creamery  butter. 

Creameries  can  use  this  process  Avithout  additional  expense,  and  can  use  any  style 
of  churn. 

lucxuiries  concerning  this  new  industry  should  be  directed  to 

J.  D.  Hollister, 

133  and  135  Adams  street,  Chicfujo,  III. 

Some  small  samples  of  butter  were  sent  wbieh  Vere  said  to  have 
been  made  by  this  process,  but  they  reached  ns  in  such  poor  condition 
as  to  afford  no  accurate  idea  of  the  character  of  the  product  secured. 


COMPOSITION  OF  BUTTER-MAKING  COMPOUNDS. 

The  following  are  the  results  of  the  chemical  examination  of  the 
samples  received  in  so  tar  as  they  have  not  been  described  above: 
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* Sample  insufficient  in  amount  for  complete  examiyation. 


Ill  regard  to  the  starchy  matters  which  were  contained  in  the  samples 
of  black  pepsin,  they  may  have  been  added  as  a diluent  of  the  aiiiiatto, 
or  as  a drying  material  in  the  manufacture  of  the  pepsin  or  rennet 
employed  in  the  preparation  of  these  bodies. 

Annatto  was  the  coloring  matter  found  in  each  case,  except  that  of 
the  pink  powder  mentioned.  The  coloring  matter  of  the  annatto 
readily  soluble  in  ether,  leaving  a dirty,  biwnish  residue.  The  soluble 
ash  was  in  each  case  composed  of  sodium  chlorid,  with  the  exception 
of  the  case  of  the  nitrate  of  potash  and  sodium  sulphate  mentioned. 
There  was  also  a little  sodium  suliihate  present  in  most  cases  and  in 
one  instance  a considerable  quantity  of  sulphate  of  magnesia.  It  is 
probable  that  these  may  have  been  accidental  impurities  of  the  com- 
mon salt  employed. 

The  property  of  coagulating  milk  was  chosen  as  the  most  definite 
means  of  detecting  the  firesence  of  rennet  or  peiisin,  or  other  organic 
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ferments  of  the  digestive  series,  in  the  several  preparations  examined. 
Inasmuch  as  sodium  chlorid  and  other  organic  salts  have  also  the  power 
of  coagulating  milk,  comi)arative  experiments  were  necessary  to  exclude 
this  possible  source  of  error.  In  the  case  of  sodium  chlorid  relatively 
large  quantities  of  the  salt  and  a considerable  amount  of  time  are 
necessary  to  produce  coagulation  in  any  degree  that  at  all  resembles 
that  produced  by  an  organic  ferment.  In  the  execution  of  the  experi- 
ment 5 grams  of  the  sample  were  placed  in  a small  beaker  and  rubbed 
to  a homogeneous  paste  with  5 cc  of  water.  After  allowing  some 
time  for  the  complete  solution  of  the  pepsin,  50  cc  of  milk,  x)reviously 
warmed  to40o  G.,  were  stirred  in  and  the  beaker  placed  in  a water  bath 
of  which  the  thermometer  registered  40°  0.,  a little  above  blood  heat. 
After  five  or  ten  minutes  the  milk  was  thoroughly  coagulated  in  each 
case  of  the  black  pepsin  compound,  showing  the  presence  of  a small 
amount  of  pepsin  or  rennet.  Milk  in  comparative  experiments  with  4 
grams  of  sodium  chlorid  remained  unchanged  after  four  hours  at  the 
same  temi)erature. 

It  is  curious  to  observe  that  there  are  two  distinct  types  of  the  black 
pepsin  found,  as  indicated  by  the  above  analyses.  Serial  Nos.  11255, 
11257,  11259,  11260,  11264,  and  11269  evidently  all  belong  to  the  same 
general  type,  as  their  composition  is  as  nearly  the  same  as  could  be 
expected,  owing  to  the  difficulty  of  effecting  a complete  mixture  of  the 
materials  employed.  On  the  other  hand,  serial  Nos.  11258  and  11267 
represent  a different  type,  containing  about  20  peiMwmt  more  of  organic 
matter  than  the  type  first  mentioned.  In  fact,  it  seems  to  make  but 
little  difference  about  the  type  of  the  material  employed,  inasmuch  as 
any  of  these  preparations  containing  a small  amount  of  rennet  or  pepsin 
can  be  used  for  making  the  imitation  butter  desired.  Evidently,  how- 
ever, two  distinct  firms  are  engaged  in  the  manufacture  of  the  material. 

The  actual  value  of  a box  of  the  so-called  black  pepsin  is  only  a few 
cents,  and  therefore  the  enormous  prolits  which  are  made  in  its  manu- 
facture and  sale  at  $2.50  a box  can  be  well  imagined. 

It  is  not  believed  that  any  further  exposition  of  this  barefaced  fraud 
is  necessary.  We  have  made  an  attempt  to  obtain  samples  of  all  the 
various  compounds  Avhich  are  sold  for  producing  the  effects  described. 
There  are  many  of  them,  however,  which  we  were  not  able  to  get. 
Farmers  can  rest  assured  that  any  substance  which  is  presented  to 
them  for  the  purpose  of  increasing  the  jdeld  of  butter  above  that  of  the 
normal  belongs  to  some  such  class  of  fraud  as  has  been  exj^osed  in  this 
bulletin. 

The  prox)er  way  for  increasing  the  yield  of  butter  is  to  secure  a breed 
of  cows  giving  a milk  with  a high  content  of  butter  fat,  giving  the 
animals  x)rox^er  nourishment,  and  keeping  them  in  a clean  a.nd  healthy 
condition.  The  ju^oper  treatment  of  a herd  of  (‘ows,  together  with  neat- 
ness in  the  dairy,  not  only  will  give  an  increased  yield  of  butter,  but 
will  also  enable  the  producer  of  it  to  get  an  increased  price. 
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The  best  method  of  making  a good  and  sweet  butter  in  large  quan- 
tity is  careful  selection  of  cows  and  careful  feeding  and  care  in  the 
dairy.  The  proper  attention  to  neatness  and  the  sterilization  of  the 
vessels  used  about  the  dairy  will  secure  the  growth  of  a ferment  which 
properly  ripens  the  cream  and  excludes  other  ferments,  w^hich  produce 
all  kinds  of  injurious  changes  in  the  milk.  All  vessels  used  in  the 
dairy  should  be  subjected  every  day  for  some  time  to  the  temperature 
of  boiling  water,  to  absolutely  exclude  all  putrescent  bodies  and  fer- 
mentative processes  from  the  dairy,  save  those  which  are  necessary  to 
the  normal  ripening  of  the  cream.  The  farmer  who  attends  to  these 
details  will  have  no  occasion  to  invest  his  money  in  fraudulent  nos- 
trums for  increasing  the  product  of  his  dairy  and  the  magnitude  of  his 
profits. 

The  dairy  industry  of  the  United  States  is  already  one  of  great  im- 
portance in  agriculture  and  is  rapidly  increasing  in  magnitude.  In  the 
Agricultural  Experiment  Stations  of  the  several  States  investigations 
are  in  i^rogress  relating  to  the  influence  of  the  breeds  of  cows  on  milk 
and  butter  i^roductiou.  These  studies  extend  also  to  the  cost  and  effect 
of  different  feeding  stuffs  in  their  relations  to  the  yield  of  milk  and  the 
percentage  of  butter  fat  therein.  The  advantages  of  deep  and  shallow 
setting  of  milk,  the  influence  of  temperature  on  the  percentage  of 
cream  obtained,  the  profit  of  using  centrifugal  separators,  and  tlie 
use  of  the  by-products  of  skim  milk  and  milk  sugar  are  all  in  process 
of  investigation  for  the  benefit  and  information  of  dairy  farmers.  In 
some  States  dairy  schools  have  been  established  where  students  are 
taught  the  science  and  art  of  dairy  farming.  Even  if  in  former  times 
there  may  have  been  some  apology  for  the  use  of  nostrum  and  humbug 
in  milk  and  butter  production,  the  advancement  of  knowledge  on  these 
subjects  will  no  longer  excuse  it. 
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CRANBERRY  CULTURE. 


LETTER  OF  TRANSMITTAL. 

U.  S.  Department  of  Agriculture, 

Office  of  Superintendent  of  Gardens  and  Grounds, 

Washington,  I).  C.,  December  9,  1893. 

Sir:  The  manuscript  of  Farmers'  Bulletin  No.  13,  on  the  cranberry,  is  herewith 
transmitted  for  publication.  The  bulletin  is  mostly  compiled  from  articles  published 
in  various  annual  reports  of  the  Department  and  from  the  “Handbook  of  Experi- 
ment Station  Work." 

Respectfully,  William  Saunders, 

Superintendent  of  Gardens  and  Grounds. 

Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 


INTRODUCTION. 

THE  WILD  CRANBERRY. 

The  American  cranberry  ( Vaccinium  macrocarpon)  is  found  in  a wild 
state  in  boggy  land  throughout  the  northern  portions  of  the  United 
States,  in  parts  of  Canada  adjacent,  as  well  as  in  the  marshes  of  the 
coast  and  in  the  glades  of  the  Alleghanies  as  far  south  as  Virginia  and 
North  Carolina.  It  is  also  found  in  South  America. 

The  cranberry  is  supposed  to  have  been  named  from  the  appearance 
of  its  bud.  Just  before  expanding  into  the  perfect  flower  the  stem, 
calyx,  and  petals  resemble  the  neck,  head,  and  bill  of  a crane — hence 
the  name  ‘‘craueberry  ” or  “cranberry.” 

The  plant  belongs  to  the  heath  family,  and  is  a small  hardy  shrub 
with  evergreen  leaves,  and  acid  edible  fruit,  varying  in  color  from 
light  dull  pink  to  a dark  purple. 

WHERE  THE  CRANBERRY  IS  GROWN. 

The  cultivation  of  the  cranberry  was  commenced  in  the  early  part  of 
the  present  century,  but  until  about  forty  years  ago  was  conducted  on 
a very  limited  scale.  The  first  culture  was  in  the  vicinity  of  Cape  Cod. 
The  crop  of  the  country  is  divided  into  three  divisions,  namely,  the 
New  England,  the  New  Jersey,  and  the  Western.  The  New  England 
crop  includes  all  raised  in  the  New  England  States,  three-fourths  of 
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which  is  raised  in  the  vicinity  of  Cape  Cod;  the  Western  crop  includes 
that  gathered  in  Michigan,  Wisconsin,  Minnesota,  Iowa,  and  northern 
Ohio  and  Indiana. 

Although  the  plant  is  indigenous  to  both  continents  and  grows  wild 
in  many  parts  of  the  world,  yet  the  American  cranberry  is  the  largest, 
deepest  colored,  and  the  richest  flavored  that  appears  in  the  European 
markets. 

CONDITIONS  FAVORABLE  TO  PRODUCTION. 

Wherever  the  cranberry  grows  naturally  it  indicates  the  conditions 
most  favorable  to  its  production.  It  chooses  locations  well  supplied 
with  moisture,  and  a peaty,  or  sometimes  silicious,  soil,  free  from  any 
mixture  of  clay.  Peat  is  most  favorable  to  luxuriance  of  the  vine,  but 
the  presence  of  silex  also,  in  considerable  quantity,  is  necessary  to  pro- 
ductiveness and  the  finest  fruit,  as  it  hardens  the  wood,  prevents  too 
vigorous  growth  of  vines,  and  discourages  the  growth  of  weeds. 

On  pure,  deep,  black  peat  the  cranberry  vine  will  grow  more  rapidly 
than  in  any  other  soil.  A single  crop  will  perhaps  be  obtained,  and 
then  the  vines  become  abortive.  The  same  is  true  of  vines  grown  on 
rich  intervals,  if  the  wild  grasses  are  kept  out.  The  vines  in  such  sit- 
uations are  very  rank,  the  uprights  being  of  twice  the  length  they 
attain  in  productive  bogs ; and  on  comparing  the  two  it  will  be  found 
that  the  unproductive  vines  are  soft  and  flimsy,  while  the  productive 
ones  are  hard  and  stiff.  A careful  chemical  analysis  of  the  two  would 
probably  disclose  the  fact  that  the  productive  vine  contains  more  silex 
in  its  constituent  parts  than  does  the  unproductive.  That  this  is  true 
is  shown  by  the  touch  alone.  The  productive  vines  are  harsh,  and 
when  drawn  between  the  fingers  the  silex  with  which  they  are  coated 
grates  the  skin. 

LIMITS  OF  SUCCESSFUL  CULTIVATION. 

' The  limits  between  which  this  fruit  may  be  successfully  cultivated 
are  stated  by  an  intelligent  observer  to  be  the  thirtj^- ninth  and  forty- 
second  degrees  of  latitude;  but  the  limit  may  be  greatly  extended 
southward  in  the  Alleghanian  ranges,  and  at  least  thirteen  degrees 
northward  on  the  western  coast  of  the  continent,  owing  to  the  amelio- 
rating influence  of  ocean  currents  upon  the  climate  of  that  coast;  and 
we  find  that  cranberries  grow  in  abundance  uiion  the  large  island  of 
Kodiak,  south  of  and  adjacent  to  Alaska,  and  of  as  good  quality  as 
those  cultivated  upon  Cape  Cod. 

REMUNERATIVE  NATURE  OF  THE  CROP. 

Unlike  most  other  agricultural  productions,  cranberry  vines,  grow- 
ing upon  land  adapted  to  them,  require  no  expenditure  for  manure  and 
no  tilling  to  keep  them  in  good  condition.  When  once  established, 
they  will  last  for  years,  yielding  good  returns  as  regularly  as  ordinary 
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farm  crops.  These  facts,  in  connection  with  the  high  price  of  the  fruit, 
render  cranberry  culture  a most  remunerative  business. 

It  requires  a very  considerable  expenditure  of  labor  and  money  to 
start  the  business,  and  after  that,  much  patience  to  reap  the  reward; 
but  when  once  a good  meadow  comes  into  bearing,  he  who  owns  it  may 
congratulate  himself  upon  possessing  something  that  is  pleasant  to 
look  after,  and  that  is  profitable  also. 

SOIL. 

AUTHORITIES  REGARDING  THE  SORT  OF  SOIL: 

Observation  shows  that  the  cranberry  usually  chooses  a peaty,  or  a 
silicious,  moist  soil,  and  continuous  success  in  its  cultivation  has  been 
achieved  upon  such  soils  only.  Prof.  Agassiz  says : 

Never  use  the  drift  formation  in  preparing  cranberry  grounds.  Use  silicious  sand 
that  has  been  entirely  separated  from  loam  by  the  action  of  water.  r- 

An  observant  cranberry-grower  of  New  Jersey  says: 

Experience  has  proved  that  for  the  successful  cultivation  of  this  fruit  the  follow- 
ing are  requisites : First,  a peat,  or  muck  soil,  free  from  loam  or  clay ; second,  clean 
beach  sand  for  covering  the  peat;  third,  a dam  and  water  to  overflow  the  vines 
when  necessary  ; fourth,  thorough  drainage. 

These  conclusions  are  warranted  by  the  experience  of  cranberry- 
growers  generally,  and  while,  in  very  favorable  localities  as  to  climate, 
the  winter  flooding  for  the  protection  of  the  vines  may  be  omitted,  and 
while  it  is  true  that  some  have  succeeded  in  raising  good  crops  upon 
pure  peat,  and  also  upon  sand  alone,  still  these  variations  from  the 
foregoing  rules  are  at  the  great  risk  of  the  cultivator,  and  should  not 
be  practiced  except  after  careful  experiment. 

THREE  KINDS  OF  SUITABLE  SOIL. 

There  are  three  kinds  of  ground  suitable  for  raising  cranberries. 
The  first  is  what  is  called  “savanna,”  being  low  spots  of  ground  with 
grass  or  small  bushes,  and  covered  with  water  during  the  winter  and 
spring,  but  becoming  dry  during  the  summer.  These  spots  have  a thin 
coating  of  vegetable  mold  overlying  white  sand.  The  second  is  a 
mixture  of  sand  and  muck  to  a depth  varying  from  6 to  10  inches, 
underlaid  with  sand  and  covered  with  scanty  vegetation,  the  bottom, 
or  subsoil,  being  hard  sand.  The  third  is  a deep  muck,  usually  along 
a stream  affording  a growth  of  white  cedar,  or  sometimes  maple  trees 
and  bushes. 

UNSUITABLE  SOILS. 

It  is  said  that  swamps  in  which  the  prevailing  trees  are  gum  are 
un suited  to  the  cranberry.  They  indicate  cold  spring  water,  which 
is  inimical  to  the  growth  of  this  plant;  it  requires  pure  water,  but  not 
too  cold. 
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The  cranberry  can  not  be  successfully  cultivated  on  the  ‘‘  drift  for- 
mation.” Hundreds  of  experiments  have  been  tried,  and  all  have 
proved  to  be  failures.  It  is  unnecessary  to  give  details;  they  would 
fill  a volume  and  be  of  little  practical  utility.  Prof.  Agassiz  describes 
the  drift  formation”  as  being  that  portion  of  the  earth’s  surface  which 
was  formed  by  glacial  action,  and  consisting  of  rocks  not  in  place — 
that  is,  loose  and  not  in  solid  ledges — gravel,  clay,  and  loam.  This 
definition  is  plain  and  simple,  and  any  farmer  will  understand  it  and 
be  able  to  distinguish  drift  as  soon  as  he  sees  it.  In  that  formation 
strata  of  sand  are  often  found,  but  it  usually  contains  some  loam,  and 
it  is  better  to  avoid  its  use.  Bogs  naturally  well  adapted  to  the  growth 
of  the  cranberry  have  been  ruined  by  using  drift  material  in  preparing 
them.  In  some  bogs  where  partly  drift  and  partly  alluvium  was  used, 
the  exact  line  between  the  two  can  be  traced  by  the  diiference  in  the 
growth  and  appearance  of  the  vine. 

THE  BEST- SORT  OF  SOIL. 

The  ‘‘alluvial  formation  ” is  the  only  one  on  which  the  cranberry  can 
be  successfully  cultivated.  Though  this  formation  includes  the  most 
barren  and  the  most  fertile  soils — the  driest  and  the  most  damp — yet 
its  character  is  well  marked,  and  it  can  be  easily  distinguished.  Sand 
or  quartz-rock  pulverized  or  granulated  is  alluvium,  separated  from  the 
drift  by  the  waves  and  currents  of  the  ocean,  and  elevated  by  the  action 
of  the  winds  and  waves.  The  deltas  or  rich  interval  lands  near  the 
outlets  of  rivers  are  alluvium  and  are  formed  by  the  subsoiling  of  the 
finer  particles  brought  down  by  the  current  of  the  stream.  The  mud 
found  in  the  narrow  bogs  and  creeks  near  the  seashore  is  of  the  same 
character.  Salt  and  fresh  meadows,  formed  partly  by  such  deposits  of 
mud  and  partly  by  decayed  vegetable  and  animal  matter,  belong  to  the 
same  class.  Peat  difiers  from  marsh  mud  only  in  the  fact  that  one  is 
formed  in  fresh  water  and  the  other  in  salt  water.  There  are  two,  if 
not  three,  distinct  varieties  of  peat;  but  all  peat  and  all  mud,  whether 
fresh  or  originally  salt,  seem  to  have  the  same  influence  on  the  growth 
of  the  cranberry,  and  may  be  regarded  as  practically  the  same. 

PREPARATION  OF  THE  LAND. 

The  best  soil  for  the  cranberry  is  beach  or  quartz-sand,  overlaid  by 
about  a foot  of  turfy  peat.  In  preparing  such  bogs,  all  that  is  needed 
is  to  subsoil  the  same,  bringing  about  3 inches  of  sand  to  the  surface. 
Underlying  the  deeper  peats,  the  sand  has  become  indurated,  but  on 
exposure  to  the  air  crumbles  like  meal  or  lime,  and  may  be  a useful  top 
dressing.  If  the  peat  is  deep  and  covered  with  rushes,  wild  grasses, 
or  bushes,  the  whole  must  be  pared  over  down  to  the  bottom  of  the 
roots  and  removed,  and  the  bog  covered  with  beach  or  quartz-sand  from 
5 to  15  inches  in  depth. 
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On  rich  interval  lauds  the  same  precautions  must  be  used.  If  a 
thick  coating’  of  sand  is  not  first  spread  over,  it  will  be  difficult  to 
keep  out  the  wild  grasses,  and  if  not  kept  out,  the  cranberry  vines 
will,  as  on  the  deep  peats,  make  too  much  wood  and  be  unproductive. 
Some  interval  lands  are  naturally  adapted  to  the  growth  of  the  cran- 
berry. Such  are  usually  found  near  the  sources  of  streams  or  on  the 
borders  of  rapid  rivers.  They  contain  much  sand  and  fine  gravel,  and 
and  are  easily  brought  into  cultivation. 

In  preparing  the  land  the  object  is  to  afford  to  the  plant  the  ele- 
ments needed  for  its  successful  growth,  to  give  it  entire  possession  of 
the  ground,  and  to  protect  the  young  plants  until  they  attain  full  vigor, 
when  they  are  able  to  maintain  themselves  in  health  without  further 
attention. 

DITCHINa. 

Where  savanna  lands  have  been  turfed,^’  the  sod  or  turf  is  placed 
in  a wall  or  embankment  from  4 to  6 feet  wide  and  of  a height  equal 
to  the  width.  The  ground  is  then  plowed,  the  roots  and  stumps  being 
removed  or  burned,  when  the  land  is  ready  for  planting.  Ditches 
must  be  made  around  the  lot  inside  the  walls,  with  cross  ditches  at  dis- 
tances varying  from  100  to  300  feet,  and  of  a depth  (6  to  12  inches) 
depending  on  the  character  of  the  laud,  so  that  it  may  be  flooded  in 
winter  and  in  summer  and  rapidly  drained,  provided  there  is  not  a per- 
manent stream  of  water,  which  this  kind  of  land  seldom  has.  The  black 
laud  is  treated  in  much  the  same  manner,  except  that  it  is  usually  found 
on  the  banks  of,  and  contiguous  to,  a stream  of  water  by  which  it  may  be 
flooded,  and  in  this  fact,  and  probably  in  the  greater  quantity  of  muck 
over  the  sand,  its  superiority  over  the  savanna  land  mainly  consists. 

There  are  many  abandoned  mill  ponds  which  are  readily  available 
for  cranberry  i)arks  at  comparatively  small  expense,  and  are  much 
sought,  as  the  dams  are  already  erected  and  water  is  abundant. 

The  kind  of  land  that  has  the  deep  muck  bottom  of  cedar  or  other 
swamps  is  by  far  the  most  expensive  kind  of  ground  to  prepare,  yet 
when  properly  prepared  it  is  the  most  valuable,  because  of  the  larger 
and  more  certain  product,  as  well  as  of  its  more  permanent  fertility. 
In  moist  seasons  the  sand  or  savanna  ground  yields  generous  crops, 
but  in  very  dry  seasons  the  amount  of  fruit  is  much  reduced. 

PREPARINa  SWAMP  LANDS. 

The  swamps  are  usually  covered  with  cedars,  bushes  and  stumps,  and, 
as  they  are  wet,  require  thorough  drainage,  and,  being  soft  and  miry, 
the  labor  on  them  is  difficult  and  tedious.  When  these  incumbrances 
are  removed,  the  whole  surface  must  be  covered  with  a coating  of  4 to 
8 inches  of  sand.  The  sand  is  taken  from  the  shores  where  it  usually 
abounds  and  scattered  over  the  muck,  when,  if  properly  drained  and 
ditched,  it  is  ready  for  the  vines.  The  sand  is  essential,  for,  while  the 
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vines  will  grow  luxuriantly  on  the  muck,  so  will  the  weeds  and  grass, 
and  the  vines  would  be  smothered  and  choked.  The  silex  is  a neces- 
sary ingredient  for  the  health  of  the  plant.  Pure  white  sand  is  also 
essential.  Clay,  or  even  a loamy  sand,  is  inimical  to  the  cranberry 
and  should  be  studiously  avoided. 

A good  test  for  the  proper  sand  or  gravel  to  be  used  is  this : Take  a 
portion  of  the  soil  and  compress  it  tightly  in  the  hand  j if  it  is  suitable 
it  will  fall  apart  upon  being  released;  but  if  composed  in  part  of  loam, 
it  will  adhere  together  after  the  pressure  is  removed,  thus  indicating 
its  unsuitability. 

The  cost  of  preparing  and  planting  varies  with  the  character  of  the 
ground.  The  savanna,  which  requires  simply  ‘Surfing,”  when  it  is 
ready  for  the  plow  and  then  for  planting,  is  the  least  expensive,  and,  it 
may  also  be  remarked,  the  least  valuable. 

The  depth  of  sand  required  to  be  spread  on  the  surface  depends  upon 
the  depth  of  the  peat.  If  the  latter  is  only  a foot  or  two  in  thickness,  5 
inches  of  sand  is  considered  sufficient;  if  it  is  several  feet  thick,  at  least 
a foot  of  sand  is  required  to  make  a good  bog.  The  more  sand  there  is 
used,  the  longer  it  requires  to  bring  the  vine  into  a bearing  state. 

Much  stress  is  placed  on  the  quality  of  sand  by  all  cranberry  grow- 
ers. It  is  claimed  that  coarse,  clean,  sharp  sand  is  best  adapted  to  the 
growth  of  the  vines.  In  some  cases  only  an  inch  of  sand  is  placed  over 
the  i)eat  bottom,  and  then  it  is  planted  with  vines,  the  roots  growing 
directly  in  the  muck.  In  other  cases  as  much  as  10  inches  of  sand  has 
been  placed  over  the  muck  sand,  which,  however,  conveys  the  soluble 
humus  of  the  peat  to  the  roots  of  the  plants.  There  is  always  a rank- 
ness of  root  and  vine  growth  when  the  vines  are  planted  directly  in 
peat,  and,  as  the  growth  of  plants  is  continued  longer  under  such  con- 
ditions, they  are  longer  in  bearing  their  fruit.  The  same  remarks  apply 
to  plants  which  are  heavily  manured  and  constantly  supplied  with 
abundance  of  water. 

It  has  been  found  in  every  case  where  the  runners  have  been  sanded 
to  the  depth  of  about  an  inch  and  properly  watered  they  readily  take 
root  in  the  fresh  sand  and  produce  a fine  growth  of  lateral  branches. 
In  some  cases  sanding  the  vines  in  this  way  has  as  good  an  effect  on 
their  growth  as  an  application  of  guano.  It  is  believed  by  many  suc- 
cessful cranberry  growers  that  the  runners  of  the  vines  should  be 
sanded  at  least  once  in  four  years  when  practicable,  and  some  growers 
sand  them  as  often  as  once  in  three  years.  The  great  advantage 
derived  from  the  sanding  process  consists  in  the  stimulating  of  new 
roots  along  all  the  runners  embedded  in  the  sand.  The  original  roots 
decay  as  the  vigor  of  the  new  ones  increases,  but  the  sand  also  protects 
the  runners  from  extreme  heat  and  premature  frost. 

The  true  character  of  peat  in  relation  to  cranberry  growth  is  still  a 
matter  of  doubt;  but  one  thing  is  evident,  namely,  that  masses  of  peat 
will  always  absorb  and  retain  a large  amount  of  water,  and  will  thus 
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teud  to  keep  moist  the  sand  on  the  top.  Certainly  the  humus  of  the  peat 
is  not  itself  absorbed  by  the  roots  of  plants,  but  humic  acid  seldom  is 
free  from  ammonia,  and  the  oxidation  of  peaty  matter  may  also  con- 
tribute to  root  and  plant  growth  by  supplying  carbonic  acid,  which  is 
one  of  the  essentials  of  plant  food. 

CULTURE. 

VARIOUS  METHODS  OF  PLANTING. 

In  planting  cranberry  vines  several  modes  have  been  followed. 

Sod  planting,  by  taking  from  tlieir  native  marshes  sods  containing 
cranberry  viues,  moss,  turf,  etc.,  and  placing  them  on  prepared  or 
unprepared  meadows,  was  formerly  practiced,  but  is  now  discarded. 

Hill-planting,  with  bunches  of  clean  vines,  in  drills  2 feet  apart  each 
way,  and  a handful  of  viues  idanted  at  each  intersection,  is  practiced; 
but  large  bunches  have  a tendency  to  dry  up  and  become  woody,  thus 
injuring  the  plantation. 

In  drills  requiring  no  sanding,  but  susceptible  of  being  prepared  with 
a plow,  the  best  methods  is  to  ^‘strike  out”  the  ground  with  a plow,  in 
rows  3 feet  apart,  and  scatter  the  vines  thinly  and  evenly  along  the 
furrows,  putting  only  1 or  2 in  a place.  They  should  be  inclined  against 
the  “ laud  side,”  projecting  4 or  5 inches  above  the  surface,  after  which 
the  hoe  is  required  to  fill  up  the  furrows  and  thoroughly  cover  the  roots. 
This  causes  them  to  sucker  and  grow  more  luxuriantly  than  when  left 
standing  upright,  to  be  swayed  by  the  winds. 

On  soils  properly  prepared  by  spreading  sand  over  muck  or  peat,  the 
best  mode  is  to  mark  out  the  ground  14  inches  apart  with  a small  sled 
having  three  runners;  the  vines  are  then  dropped  in  these  marks,  say 
2 in  a place,  14  inches  apart  in  the  rows,  and  pressed  into  the  ground 
with  a spade-like  tool  idaced  on  the  vine,  about  one  quarter  the  distance 
from  the  root  to  the  top.  The  roots  of  the  vine  should  be  pressed  into 
close  proximity  to  the  muck  below,  that  they  may  be  stimulated  to 
grow  more  rapidly. 

Spreading  the  vines  evenly  over  the  surface  of  the  meadow,  and  then 
covering  them  about  an  inch  deep  with  sand,  has  succeeded  well  in 
New  Jersey.  The  young  shoots  come  up  through  the  sand  as  thick  as 
wheat,  making  an  excellent  growth,  and  the  whole  surface  is  soon 
matted  with  them.  This  mode  requires  more  viues  than  the  others, 
but  yields  a crop  sooner  than  by  planting  in  any  other  way. 

Sowing  by  cuttings  can  be  successfully  done,  the  vines  being  passed 
through  a straw-cutter,  and  chopped  into  pieces  about  an  inch  long; 
they  are  then  sown  like  oats  upon  evenly  prepared  surfaces  and  har- 
rowed in.  This  must  be  done  early  in  the  spring  and  upon  moist 
ground,  so  that  the  cuttings  will  become  well  rooted  before  the  heat  of 
summer. 


10 


Attempts  have  been  made  to  grow  them  from  seeds,  but  owing  to 
the  longer  time  required  for  the  vines  to  become  productive  and  the 
increased  expense  of  keeping  them  clean  this  system  has  been  aban- 
doned for  general  culture. 

DRAINAGE. 

Great  care  should  be  taken  in  selecting  the  vines  to  procure  those 
which  yield  large  berries.  The  shape  of  the  fruit  is  of  little  conse- 
quence, the  great  desideratum  being  to  obtain  berries  of  good  size  and 
color.  Until  the  vines  are  well  matted  it  is  important  to  keep  the 
meadow  thoroughly  drained  at  least  one  foot  below  the  surface.  It 
will  generally  be  found  necessary  to  go  deeper  than  that  to  effect  a 
thorough  drainage,  without  which  the  vines  will  not  thrive.  Even  if 
planted  on  ground  well  adapted  to  their  growth,  if  the  meadow  is 
allowed  to  remain  very  wet  the  vines  will  make  little  or  no  growth. 
When  iiroiierly  drained  a good  meadow  will  become  matted  in  three 
years,  although  some  of  the  most  permanent  plantations  have  required 
a longer  time  to  come  into  full  bearing,  owing  to  the  dampness  of  the 
soil. 

TIME  OF  SETTING  AND  SUBSEQUENT  TREATMENT. 

The  cranberry  vine  is  very  tenacious  of  life,  and  will  grow  if  set  at 
almost  any  season,  but  the  spring  of  the  year  is  usually  considered  the 
best  time,  and  as  early  in  spring  as  possible,  to  secure  a good  growth. 

Though  various  method^  of  treatment  for  the  second  and  third  years 
have  been  pursued,  experience  has  demonstrated  that  the  simplest 
mode  is  the  best.  The  hoe  is  rarely  needed  to  eradicate  weeds  and 
grass,  and  its  use,  or  that  of  the  plow  and  cultivator  used  by  some,  is 
injurious.  The  weeds  and  grass  are  best  eradicated  by  hand- pulling, 
which  prevents  injury  to  the  roots  and  tender  running  vines.  The  hoe 
may  be  used  to  level  the  surface  and  make  drains  from  low  spots  so 
that  there  shall  be  no  stagnant  water.  Sluices  should  be  made  to 
carry  the  water  off  rapidly  after  the  hooding  or  after  heavy  rains. 

FLOODING  THE  VINES. 

The  usual  time  for  flooding  is  from  the  last  of  October  to  the  first  of 
May,  and  18  to  24  inches  of  water  are  sufficient. 

Some  cultivators  advise  a flow  of  water  for  twenty-four  hours  in  the 
first  week  in  June,  when  it  can  be  done  rapidly  and  safely.  The  water 
is  then  drained  off  and  the  plants,  under  the  genial  influences  of  the 
sun  and  moisture,  are  soon  covered  with  tiny  pink-white  blossoms  and 
the  fruit  quickly  appears.  All  that  is  now  needed  is  to  keep  a supply 
of  moisture  during  the  drought  of  summer,  till  the  harvest  calls  for 
more  active  operations. 

A flood  gate  is  a very  important  item  in  cranberry  culture.  In  many 
places,  such  as  on  level  and  high  lands,  a cheap  mode  of  ditching  and 
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a very  inexpensive  gate  formed  of  a few  slabs  are  all  that  is  necessary. 
In  some  cases  nature  provides  all  the  requisites.  Flooding  protects  the 
vines  from  winter  frosts,  and  is  one  of  the  means  employed  to  destroy 
mice,  roaches,  grasshoppers,  and  a variety  of  insects  which  consume  or 
destroy  many  thousand  bushels  of  berries  annually.  Ice  is  sometimes 
very  destructive  to  vines  when  proper  attention  is  not  paid  to  winter 
flooding.  Should  a severe  frost  set  in  before  the  vines  are  wholly  cov- 
ered with  water  ice  will  form  on  the  surface,  thus  securing  the  tops  in 
ice;  a further  supply  of  water  flowing  under  the  ice  may  float  it  upward 
and  drag  the  vines  from  their  roots. 

It  should  be  remarked  that  the  continued  success  of  a cranberry  field 
depends  very  greatly  on  the  readiness  with  which  water  can  be  admitted 
upon  the  surface  or  withdrawn  from  it. 

At  Cape  Cod,  Mass.,  the  cranberry  cultivators  take  advantage  of  the 
winter  and  sand  their  vines  while  covered  with  ice.  They  cart  the  sand 
over  the  ice  and  spread  it  evenly  over  the  surface.  When  it  melts  the 
sand  is  deposited  over  the  vines.  This  practice  is  not  only  economical, 
but  it  also  saves  the  vines  from  being  trampled  upon. 

CRANBERRY  FERTILIZERS. 

Cultivators  of  the  cranberry  are  divided  in  opinion  on  the  subject  of 
fertilizers,  as  to  their  use  in  any  case,  as  well  as  to  the  kind,  quality,  and 
quantity  to  be  used,  and  whether  in  the  spring  or  in  the  fall.  Some 
have  used  guano  to  great  advantage.  One  application  on  heavy  soil 
showed  evidence  of  its  value  for  several  years  afterwards.  It  is  used 
as  follows:  Two  quarts  of  guano,  combined  with  one  pail  of  moist  sand, 
is  spread  on  the  soil  at  such  a rate  that  from  50  to  250  pounds  of  guano 
will  be  required  on  each  acre.  Guano  and  bone  dust  have  been  used  to 
the  advantage  of  growth  of  vines  and  size  of  berries,  but  it  has  no  vis- 
ible influence  in  preventing  rot  or  scald.  On  high  land  savannas,  in  dry 
seasons,  guano  may  jirove  injurious,  in  consequence  of  its  free  ammonia, 
which  acts  as  a caustic  on  the  roots,  while  in  seasons  of  light  rains  it 
will  prove  of  great  advantage. 

Excessive  fertilization  produces  a rank  crop  of  vines  and  frequently 
of  the  fruit.  The  perfect  growth  of  berries  can  be  attained  only  by  the 
production  of  light  wood  on  vines.  The  continued  growth  of  succu- 
lent vines,  caused  by  overfertilization,  deprives  the  berries  of  material 
which  should  be  used  for  their  growth  and  perfection  toward  the  ripen- 
ing season. 

aATHERING  THE  CROP. 

The  month  of  October  is  the  proper  season  for  gathering  the  crop. 
The  berries  are  sometimes  gathered  by  means  of  a rake,  called  the 
cranberry  rake,  but  the  finest  and  most  valuable  berries  are  those  gath- 
ered by  hand,  as  are  strawberries. 
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Cranberries  free  from  spots  and  carefully  bandied  to  prevent  bruising 
will  keep  well  in  places  suitable  for  storing  apples  or  other  fruit,  with 
as  low  a temperature  as  possible  to  avoid  freezing.  Thorough  ventila- 
tion is  also  very  essential. 

When  gathered  under  a high  temperature  they  should  be  placed 
under  shade  in  open  trays  to  cool. 

Previous  to  shipping  cranberries  they  should  be  run  over  a platform 
slightly  inclined.  The  rotten  and  bruised  fruit  will  not  run  off,  but  will 
stick  on  the  platform,  and  may  be  scraped  off  and  thrown  away. 

SOLAR  HEAT. 

Dr.  Taylor  says : 

It  is  generally  supposed  that  the  cranberry  plant  will  not  grow  successfully  farther 
south  tlian  southern  New  Jersey.  This  belief  is  based  upon  the  fact  that  a large 
portion  of  the  crop  is  destroyed  by  excessive  high  temperatures,  but  when  we  find 
in  those  favored  cranberry  lands  10  acres  of  successful  vines  and  berries  side  by  side 
with  as  many  acres  rotting  and  scalding,  under  the  same  climatic  conditions,  we 
come  to  the  conclusion  that  if  the  solar  rays  were  directly  the  cause  of  rot  all  would 
suffer  alike,  as  it  is  well  known  that  many  bogs  for  a period  of  from  ten  to  twenty 
years  have  successfully  grown  fruit  free  from  rot.  High  temperatures,  therefore, 
can  not  be  the  general  cause  of  rot.  Indeed,  it  seems  to  perfect  the  fruit  when  the 
soil  and  rains  are  highly  favorable.  What  is  wanted  is  a rich  soil,  a constantly  mov- 
ing moisture  or  water  at  the  roots,  and  a sufficiently  high  temperature.  Springy 
land  has  been  found  to  be  very  favorable  to  the  growth  of  sound  vines  and  berries. 
I am  convinced  that  in  the  District  of  Columbia  and  in  the  States  of  Maryland  and 
Virginia  there  are  many  patches  of  bog  lands  suitable  for  cranberry  culture,  which 
are  of  little  or  no  value  at  present. 

We  have  sometimes  been  called  upon  to  explain  why  it  is  that  on  the  same  branch 
or  vine  sound  and  rotten  berries  will  frec|uently  grow  side  by  side.  It  is  a well- 
known  fact  that  the  whole  vine  does  not  blossom  at  the  same  time.  There  is  a first 
and  second  bloom  on  the  same  pedicel.  Berries  form  on  the  same  stalk  which  bears 
the  blossom  for  a second  and  third  berry.  The  first  bloom  and  berry  may  get  its 
first  start  with  rain  and  sunshine  sufficient  to  bring  it  to  perfection,  while  the  second 
bloom  and  fruit  may  be  deprived  of  this  favorable  start. 

COLORING  WILD  BERRIES. 

It  is  the  custom  of  the  West  Jersey  Land  Company  to  gather  the  wild  berries 
while  green.  An  open  shed  is  prepared,  under  which  the  berries  are  placed  on  the 
bare  ground,  spread  evenly,  and  exposed  day  and  night  from  six  to  eight  weeks  to 
color.  Berries  have  been  colored  to  a high  red  by  this  process  and  perfectly  free 
from  rot.  The  cultivated  berries  are  not  exposed  in  this  way,  but  are  first  cooled, 
cleaned,  and  freed  from  all  unhealthy  berries  by  hand  picking  or  machinery. 

INJURIOUS  INSECTS. 

There  are  drawbacks  to  the  results  and  enemies  to  the  vine  and 
fruit  to  be  resisted,  as  with  almost  all  other  fruits.  The  cranberry  has 
suffered  both  in  fruit  and  vine  from  the  ravages  of  insects,  sometimes 
to  the  extent  of  a total  denuding  of  the  vines  of  their  leaves  and  the 
loss  of  entire  crops.  It  is  to  protect  the  vines  and  fruit  against  these, 
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as  well  as  against  the  effect  of  frost  upon  the  unripe  berries,  that 
flooding  is  regarded  as  necessary  by  experienced  growers. 

There  are  a number  of  insects  preying  on  the  crauberry,  the  more 
important  of  which  are  the  black-headed  worm,  the  yellow-headed 
worm,  the  fruit  worm,  and  the  tip-worm. 

THE  BLACK-HEADED  WORM. 

The  black-headed  worm  {Rhopohota  vacciniana),  also  called  vine  worm 
or  fire  worm,  is  the  larva  of  a moth.  It  does  not  fly  very  readily  in 
the  daytime,  but  may  be  found  starting  up  occasionally.  There  are 
two  broods  each  year.  The  eggs  retain  their  vitality  during  the  winter 
and  hatch  early  in  May.  The  larvae  eat  the  leaves,  spinning  them  into 
a web  at  the  same  time.  The  larva  is  a small,  slender,  velvety- green 
caterpillar,  with  a black  head.  The  second  brood  appear  about  the 
time  of  blooming  and  are  more  destructive  than  the  first.  They  web 
more  leaves  together  and  bite  the  leaves  just  enough  to  kill  them  and 
destroy  all  the  flowers.  In  two  or  three  days  they  can  change  a bog 
from  green  to  brown. 

THE  YELLOW-HEADED  WORM. 

The  yellow-headed  worm  ( Teras  vacciniivorana)  is  somewhat  like  the 
above  in  that  the  larvm  spin  webs  and  are  green  in  color,  but  they  have 
yellow  heads.  The  moths  are  orange  in  summer  and  slate  gray  in 
autumn.  The  gray  ones  spend  the  winter  on  vines  and  under  rubbish. 
The  eggs  are  laid  early  in  spring  and  hatch  in  May.  The  caterpillar 
changes  into  an  orange- colored  moth  in  about  a month.  There  are 
usually  three  broods  each  season,  the  last  being  the  gray  moth,  the 
larvse  of  which  are  reddish  in  color. 

If  the  water  supply  can  be  controlled,  drawing  off  the  water  early 
and  flooding  for  two  days  just  after  eggs  of  the  first  brood  begin  to 
hatch  will  kill  most  of  them.  Flooding  until  late  in  the  spring  is 
also  beneficial.  Pyre  thrum,  dry  and  in  infusion,  has  been  tried  with 
favorable  results.  White  hellebore  is  good.  Tobacco  decoction, 
pounds  to  a gallon  of  water,  gives  sufflcient  return  to  more  than  pay 
for  itself.  Kerosene  emulsion  as  a spray  applied  to  the  vines  was  tried 
quite  effectively,  as  were  also  Paris  green  and  London  purple  (1  pound 
to  150  gallons  of  water)  sprayed  over  the  plants  just  after  the  larvae 
were  hatched.  If  they  begin  webbing,  use  kerosene  emulsion. 

THE  FRUIT  WORM. 

The  fruit  worm  {Acrobasis  vaccinii)  is  the  larva  of  a gray  moth.  It 
shades  to  nearly  black  and  is  splotched  with  white.  The  eggs  are  laid 
on  the  berry  when  just  forming.  They  hatch  in  five  or  six  days  and 
soon  eat  their  way  into  the  fruit,  closing  the  opening  with  a web  of  fine 
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silk.  After  attaining  about  half  their  growth  they  seek  another  berry 
and  so  on  until  they  mature.  The  larva  is  about  half  an  inch  long, 
green  tinged  with  red,  and  reaches  maturity  in  September.  Spraying 
the  vines  with  Paris  green  or  London  purple  just  after  the  fall  of  the 
flowers  is  an  effective  remedy. 

THE  TIP-WORM. 

The  tip-worm  (Cecidomyia  vaccinii)  eats  out  the  terminal  bud,  causing 
laterals  to  come  out.  It  stunts  the  plant  for  a short  time,  but  is  not 
generally  considered  troublesome. 

A minute  scale  insect  has  been  found  abundant  in  some  bogs. 

FUNGOUS  DISEASES. 

CRANBERRY  SCALD. 

Cranberry  scald  is  a fungous  disease  well  known  to  cranberry- grow- 
ers, often  causing  a loss  of  half  the  crop.  It  receives  its  name  from 
the  scalded  appearance  of  the  affected  berry. 

At  first  a portion  of  the  berry  becomes  soft  and  the  skin  tense  and  of 
a reddish  brown  color.  Sometimes  only  a portion  of  the  berry  decays 
and  the  spores  of  the  fungus  may  be  seen  in  the  minute  dark  specks. 
A rank  growth  of  fungus  filaments  is  always  associated  with  the  scald. 
The  same  filaments  are  to  be  found  in  the  roots,  stems,  and  leaves  of 
the  affected  plants,  and  similar  iiustules  develop  on  the  leaves  and 
fruit.  Various  fungicides  have  been  tried  without  obtaining  any  very 
satisfactory  results.  However,  it  has  been  learned  that  covering  the 
bog  with  a layer  an  inch  deep  of  fresh  earth,  clay,  or  sand  will  nearly 
always  give  relief  from  the  scald.  This  can  best  be  done  when  the  bog 
is  flooded.  This  treatment  may  be  too  expensive  to  pay.  This  disease 
seems  to  be  due  to  conditions  of  the  soil  and  water,  and  these  must  be 
looked  after  if  anything  is  to  be  done  with  the  scald. 

Investigations  made  in  1874,  by  Dr.  Thomas  Taylor,  Microscopist  of 
the  Department,  proved  that  the  rot  of  the  cranberry  is  caused  by  the 
fermenting  of  the  muck  and  the  stagnating  water  in  which  they  are 
grown,  and  sometimes  by  the  scorching  sun.  Previous  to  this  growers 
had  given  no  attention  to  the  condition  of  the  roots  of  the  vines  or  to 
the  soil  in  which  they  grew.  His  observations  proved  that  the  rot  was 
confined  to  the  parts  indicating  fermenting  soil,  while  the  sound  berries 
grew  on  the  well-decomposed  soil. 

He  visited  many  places  in  New  Jersey  and  Massachusetts  in  com- 
pany with  several  practical  cranberry  growers.  Of  one  plantation 
visited  he  says : 

The  vines  on  this  plantation  rotted  in  spots  last  season.  An  examination  of  these 
spots  showed  undecomposed  peat  and  unhealthy  roots,  the  latter  being  very  large 
and  closely  matted.  Having  stated  to  the  cranberry  growers  accompanying  me 
that  fermenting  soil  and  stagnating  water  were  probably  the  principal  causes  of  the 


15 


rot,  I was  informed  that,  although  my  theory  held  good  thus  far,  there  was  a neg- 
lected cranberry  plantation  near  Bricksburg,  the  water  of  which  they  believed  to 
be  stagnant,  as  it  had  no  visible  outlet ; but  notwithstanding,  the  fruit  of  the  bog 
had  not  been  affected  by  the  disease.  An  examination  showed  that  the  water  which 
flooded  it  was  perfectly  fresh,  being  supplied  probably  by  means  of  springs,  and 
passed  off  through  the  sand.  The  whole  surface  was  covered  with  a dense  growth 
of  moss  and  weeds  interspersed  with  cranberry  plants.  The  cranberry  roots  were 
growing  in  the  moss  and  confined  to  it.  They  were  short,  of  a whitish  color,  and 
very  healthy.  Sand  to  the  depth  of  8 inches  had  at  one  time  been  spread  over  the 
peat  muck.  I cut  through  it  and  found  it  to  be  very  pure  and  free  from  any  odor. 
I have  also  examined  the  roots  of  the  cranberry  plants  as  found  growing  in  the  wild 
state,  and  in  all  cases  have  found  them  to  be  healthy  and  similar  to  these.  I have 
thus  far  failed  to  discover  any  healthy  cranberry  vines  growing  in  stagnant  water. 

He  further  says ; 

Two  specimens  of  vines,  one  healthy  and  the  other  unhealthy,  were  received  by 
the  Department,  and  a specimen  of  the  soil  in  which  each  plant  grew.  An  examina- 
tion of  the  roots  of  each  vine  showed  that  the  one  which  bore  rotting  fruit  had  much 
larger  and  darker  roots  than  the  other.  The  peaty  muck  in  which  the  healthy 
plants  grew  has  a pleasant  odor,  and  was  not  in  a fermenting  condition,  while  that 
of  the  unhealthy  plant  was  In  a condition  of  fermentation  and  had  the  odor  of  sul- 
phureted  hydrogen.  These  facts  led  me  to  believe  that  the  sour  condition  of  the 
soil  was  the  primary  cause  of  the  rotting  of  the  berries. 

Before  investing  in  cranberry  culture — 

he  continues — 

attention  should  be  paid  to  the  condition  of  the  soil ; for  on  that  depends  the 
quantity  of  water  necessarily  required  for  the  purposes  of  irrigation.  When  water 
is  very  limited  in  supply  it  should  be  protected  from  the  sun’s  rays  in  some  prac- 
tical way.  Small  dams  or  ponds,  used  as  reservoirs,  might  be  protected  by  shade 
trees,  and  in  many  cases  streams  might  be  easily  protected  in  this  way.  A limited 
supply  of  water  during  high  temperatures,  when  the  water  becomes  quickly  heated, 
is  hurtful  to  the  vines,  especially  when  the  subsoil  has  not  been  well  decomposed. 
Under  such  conditions  fermentation  will  be  promoted,  producing  organic  acids  and 
sulphureted  hydrogen  in  the  vicinity  of  the  roots ; while  a much  larger  flow  of  water 
in  the  ditches  would  cool  the  substratum  of  the  bogs  and  remove  at  the  same  time 
all  soluble  noxious  substances. 

Recent  observations  demonstrate  that  dense  fermenting  muck  may  be  greatly 
improved  by  the  use  of  caustic  lime  and  a bountiful  supply  of  water.  The  lime 
reduces  the  consistency  of  solid  peat  and  the  running  water  removes  the  useless 
salts  of  lime  which  form  during  the  fermentation  and  oxidation  of  the  mass.  The 
peaty  matter,  in  the  course  of  two  or  three  years,  is  rendered  very  porous  and  free 
from  all  bad  odors.  As  much  as  100  bushels  of  lime  to  the  acre  have  been  used  to 
advantage  on  heavy  muck  lands. 

CRANBERRY  GALL  FUNGUS  (SYNCHYTRIUM  VAOCINIl).' 

This  disease,  although  very  local  in  New  Jersey,  threatens  the 
extinction  of  the  plant  in  some  places.  It  produces  minute  cup-shaped, 
bright  red  outgrowths  upon  the  leaves,  stems,  flowers,  and  fruit,  and 
so  robs  the  plant  of  vitality  as  to  render  it  worthless.  It  also  attacks 
the  azaleas,  huckleberry,  wintergreen,  and  similar  plants  on  the  edge 
of  the  bog,  which  are  reached  by  the  water  at  high  flood.  It  is  thought 
that  the  disease  spreads  by  the  water  carrying  the  infection.  If  the 
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water  supply  can  be  controlled,  tbe  withholding  of  water  during  the 
winter  and  spring  has  been  attended  with  good  results.  Where  such 
conditions  are  wanting,  burning  the  bog  is  the  only  means  of  relief 
known. 


OTHER  PESTS. 

GRASSHOPPERS. 

At  the  second  annual  convention  of  the  New  Jersey  Cranberry  Asso- 
ciation Dr.  Taylor  speaks  of  drawings,  exhibited  by  Mr.  E.  Z.  Collins, 
of  Waterford,  Camden  County,  of — 

a very  simple  combination  of  spars,  canvas,  and  sheet-tin  trays,  for  the  destruction 
of  grasshoppers.  The  spars  combined  represent  the  Roman  letter  A,  along  the  sides 
of  which  the  trays  and  canvas  are  secured.  The  canvas  is  stretched  perpendicularly, 
extending  upward  about  2 feet  and  downward  about  one  foot,  touching  the  top 
of  the  vines  when  in  use.  The  operator  walks  with  the  frame,  which  is  strapped 
over  his  shoulder.  The  trays  are  filled  with  tar  and  the  canvas  is  smeared  with  it. 
When  the  person  moves  along  with  the  framework  the  grasshoppers  are  thrown  on 
the  tar  and  secured.  From  one  peck  to  a half  bushel  may  be  destroyed  in  this  way 
each  day.  Crickets  are  not  caught  by  this  device.  I am  informed  that  mice  and 
crickets  eat  the  berries,  while  grasshoppers  eat  the  seeds.  Many  thousands  of 
bushels  of  fruit  are  destroyed  annually  by  these  pests. 

MOSS. 

Moss,  polytrichum  commune^  which  sometimes  infests  bogs,  is  objection- 
able in  that  it  lifts  the  runners,  and  prevents  them  from  rooting  in  the 
soil.  The  best  way  of  disposing  of  moss  is  to  cover  it  with  an  inch  or 
two  of  sand.  This  remedy  may  be  applied  even  after  the  vines  are 
over  two  years  old 5 the  runners  should  be  covered,  and  the  upright 
branches,  if  possible,  left  out.  The  vines,  thus  established,  will  put 
forth  runners  and  take  possession  of  the  clean  surface. 
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Sir:  I have  the  honor  to  traiisiiiit  herewith  for  publication  as  a 
Farmers’  Bulletin  an  article  on  fertilizers  for  cotton,  compiled  by  J.  M. 
McBryde,  Pii.  D.,  from  accounts  of  experiments  carried  on  under  his 
direction  for  several  years  on  the  farms  of  the  South  Carolina  Experi- 
ment Station.  It  is  believed  that  the  wide  circulation  of  this  informa- 
tion in  the  Southern  States  will  do  much  to  prevent  unnecessary 
expenditures  for  commercial  fertilizers,  which  now  constitute  a gi  eat 
burden  on  the  cotton  planters. 

Kespect  fully, 

A.  C.  True, 

Director, 
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FERTILIZERS  FOR  COTTON. 


INTRODUCTORY. 

We  have  reason  to  believe  from  extended  observation  and  experience 
in  the  field  that  hundreds  of  thousands  of  dollars  are  annually  wasted 
by  fanners  in  the  lavish  and  injudicious  application  of  fertilizers  on 
cotton.  In  soils  abounding  in  potash,  potassic  fertilizers,  such  as  kai- 
uit,  muriate  of  potash,  etc.,  are  often  unnecessarily  applied  at  a cost 
amounting  to  $4  or  $5  per  acre.  It  is  especially  timely  at  this  season, 
when  the  farmers  are  about  to  plant  their  crops  for  the  year,  to  discuss 
the  manurial  requirements  of  cotton,  and  to  give  in  condensed  form 
the  results  of  careful  and  long-continued  experiments  bearing  directly 
upon  this  question.  The  subject  is  so  broad  as  to  require  subdivision. 
It  will,  therefore,  be  discussed  under  the  following  heads:  Does  cotton 
require  potash,  phosphoric  acid,  and  nitrogen  1 If  so,  in  what  amounts 
and  in  what  forms'?  Does  it  need  lime?  Will  copperas  prevent  its 
rusting?  At  what  time  or  times  should  nitrate  of  soda  be  applied? 
How  should  the  fertilizers  be  applied  ? 

DOES  COTTON  REQUIRE  POTASH,  PHOSPHORIC  ACID,  AND  NITROGEN? 

It  is  now  held  that  potash,  phosphoric  acid,  and  nitrogen  are  the 
three  most  important  constituents  of  manures,  and  the  only  ones  gener- 
ally called  for  by  soils.  In  most  soils  there  is  a sufficiency  of  tlie  other 
elements  of  plant  food — such  as  lime,  magnesia,  soda,  sulphur,  iron, 
etc.  In  a limited  number,  lime  is  sometimes  deficient.  It  can,  how- 
ever, be  easily  supplied  by  cheap  forms  of  calcareous  manures. 

In  beginning  experimental  work  bearing  upon  these  questions  a few 
years  ago,  when  director  at  the  South  Carolina  Exxieriment  Station,  we 
had  little  in  the  way  of  published  information  to  guide  us.  It  was  gen- 
erally believed  that  cotton  required  phosphoric  acid,  but  opinion  was 
divided  as  to  the  importance  of  potash  and  nitrogen.  In  deciding  upon 
the  amount  of  each  constituent  to  be  used  in  our  tests  several  courses 
were  open  to  us:  To  take  arbitrary  amounts  of  each;  to  accept  the  per 
ceutages  of  the  ammoniated  acid  phosphates  offered  lor  sale  in  our  mar- 
kets; or  to  employ  the  amounts  contained,  according  to  analysis,  in  a 
crop  yielding  a given  weight  of  lint  per  acre.  The  last  was  iireferred 
as  offering  a convenient  working  hypothesis,  with  the  full  knowledge 
of  the  fact  that  in  determining  the  manurial  requirements  of  any  crop 
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analysis  is  not  an  infallible  guide.  It  ^Yas  eonsidered  better,  how- 
ever, than  a mere  rule  of  thumb. 

We  found,  to  our  disappointment,  that  the  published  analyses  of  the 
parts  of  the  cotton  plant  were,  with  the  exception  of  those  of  the  seed, 
all  old  and  probably  unreliable.  We  were  obliged  to  use  them  in  lieu 
of  anything  better,  but  began  at  once  an  elaborate  series  of  analyses 
and  determinations  of  our  own. 

According  to  the  old  analyses,  the  plants  of  a crop  of  cotton  yielding 
300  pounds  of  lint  per  acre  contain  52  pounds  of  nitrogen,  20  i^ounds 
of  phosphoric  acid,  and  48  pounds  of  potash.  These  amounts  we  assumed 
to  be  the  full  applications  or  doses  required  to  produce  a crop  giving 
300  pounds  of  lint  per  acre.  Where  not  otherwise  stated,  these  amounts 
were  supplied  as  follows:  The  nitrogen  by  330  pounds  of  nitrate  of  soda 
(containing  10  x)er  cent  of  nitrogen) ; the  x)hosphoric  acid  by  acid  phos- 
phate (containing  10  per  cent  of  phosphoric  acid — about  15  per  cent 
available  and  1 x)er  cent  insoluble)  j the  x^otash  by  muriate  of  x>otash 
(containing  50  x^ercent  of  x^otash). 

In  the  following  pages  the  full  dose  of  any  constituent  is  conveniently 
represented  by  the  numeral  1 xdaced  before  its  name;  1 nitrogen,  for 
examx)le,  means  52  x^ounds  nitrogen  (furnished  by  330  x)Ounds  of  nitrate 
of  soda,  etc.),  1 x^otash  means  48  x)ounds  of  potash,  etc.  Smaller  or 
larger  amounts  are  exx^ressed  in  the  same  way:  2 x^hosx^horic  acid 
means  a double  dose  or  52  pounds  of  x)hosphoric  acid,  J x^otash  means 
the  half  dose  or  24  x)ouuds  of  x^otash,  etc. 

Several  plats  were  left  unfertilized,  some  received  only  one  constit- 
uent, others  received  two  constituents,  and  others,  again,  all  three  con- 
stituents. The  full  dose  of  a constituent  was  used  in  every  case.  Each 
test  was  continued  on  the  same  x^hits  from  year  to  year.  Every  test 
was  carefully  dux^licated,  the  two  x^bits  being  separated  from  each 
other  in  the  exx)eriniental  field  by  considerable  intervals. 

The  station  had  two  farms,  situated  in  diftereut  sections  of  the  State. 
Every  test  was  sex^arately  made  at  each  farm  and  carefully  repeated 
for  three  years.  This  duplication  and  repetition  gave  us  valuable  data 
for  verifying  and  correcting  results.  The  missing  plants  in  every  plat 
were  carefully  determined  and  allowed  for  in  order  to  reduce  the  x^lats 
to  a uniform  stand.  By  close  observation  the  amount  of  error  incident 
to  the  work — errors  due  to  difierences  in  the  mechanical  and  cheinical 
condition  of  the  soils  in  the  plats  eiipdoyed  and  numerous  accidental 
causes — was  accurately  determined.  This  error  averaged  4=30  x^ounds 
of  lint  cotton  x>er  acre  for  the  three  farms  in  1888,  4=32  x^ounds  in  1889, 
and  4=32  x^ounds  in  1890,  making  an  average  of  4=31  x)ounds  for  the 
three  years. 

From  an  examination  of  the  soils  of  the  two  farms  and  inquiry  as  to 
their  history  it  was  assumed,  at  the  beginning  of  our  tests,  that  the 
particular  soils  to  be  experimented  on  would  give,  without  manures  of 
any  kind,  about  50  x^ounds  of  lint  acre.  The  results  showed  that 
the  unfertilized  x^lats,  thoroughly  prex)ared  and  cultivated,  gave  some- 
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wbat  better  returns  than  this.  The  soils  selected  were  very  thin,  being 
greatly  exhausted  by  years  of  improvident  tillage. 

The  agreement  in  the  results  of  the  tests  on  the  two  farms  is  so 
remarkably  close  as  to  show  the  controlling  influence  of  the  plant,  and 
therefore  to  justify  us  in  using  the  combined  averages  of  the  two  farms : 


Combined  annual  average  yields  of  lint  per  acre  on  two  farms  for  three  years. 


Fertilizer. 

1888. 

1889. 

1890. 

A verage 
of  thice 
years. 

Unfertilized 

Poxmds. 

98 

Pounds. 

83 

Pounds. 

73 

Pounds. 

85 

Fertilized  with — 

Pnf.p  

120 

83 

91 

98 

Pbo.sphoric  acid ; 

108 

156 

154 

159 

Nitro'^^en 

109 

73 

114 

99 

Potash  and  phosphoric  acid 

191 

192 

171 

185 

Potash  and  jjitrogen 

180 

101 

108 

170 

Phosphoric  acid  and  nitrogen 

203 

200 

240 

210 

318 

Potash  phosphoric  acid,  and  nitrogen 

298 

310 

339 

Taking  the  averages  of  the  unfertilized  ])lats  as  unity,  the  compara- 
tive average  results  of  the  several  applications  for  the  three  years  can 
be  conveniently  shown  as  follows : 


Comparative  average  yields  of  lint  for  three  years. 


Fertilizer. 

U])per 

farm. 

Lower 

farm. 

Two 

farms. 

Uiiferti  lized  

1.00 

1.  00 

1.00 

Fertilized  with— 

Pnt.p  

0.  90 

1.31 

1.78 

1.14 

1.89 

Phosphoric  acid 

2.  00 

Nitrogen * ... 

1.  58 

0.  83 

1.20 

2.17 

Potash  and  phosphoric  acid 

2.  19 

2. 10 

Potash  and  nitrogen 

1.93 

2.  05 

1.99 

Phosphoric  acid  and  nitrogen 

2.  74 

2.40 

2.  .54 

Potash,  phosphoric  acid,  and  nitrogen 

4.  02 

3.  52 

3.77 

The  combination  of  potash,  phosphoric  acid,  and  nitrogen  gave  an 
average  increase,  as  compared  with  the  averages  of  unfertilized  plats, 
of  300  per  cent  at  the  upper  farm  and  250  per  cent  at  the  lower,  and 
an  average  yield  of  about  100  pounds  more  lint  per  acre  than  any  com- 
bination of  two  of  these  materials.  The  figures  leave  no  doubt  as  to 
the  importance  of  potash,  phosphoric  acid,  and  nitrogen  to  cotton. 

A careful  study  of  the  detailed  results  of  the  tests  may  be  condensed 
into  the  following  table,  which  shows  the  gain  in  pounds  of  lint  per 
acre  afforded  by  adding  any  one  constituent  to  the  unfertilized  plats, 
or  to  either  of  the  other  constituents,  or  to  both: 


Increase  in  yield  of  lint  per  acre  fi'om  applying  each  of  the  fertilizing  constituents  alone 
or  combined  with  the  other  two. 


Fertilizing  constituent 
added. 

Unfertil- 

ized. 

Potash. 

i 

Phospho- 
ric acid. 

Nitrogen, 

Potash 
and  phos- 
phoric 
acid. 

Potash 
and  nitro- 
gen. 

Pho.spho- 
ric  acid 
and  nitro- 
gen. 

Potash  

Pounds. 

13 

14 
74 

Pounds. 

Pounds. 

20 

57 

Pounds. 

71 

Pounds. 

Pounds. 

Pounds. 

102 

Nitrogen 

00 

133 

Phosphoric  acid 

117 

1 

158 
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It  will  be  seen  that  the  nitrogen  ga  v^e  better  results  than  the  potash, 
and  the  i^liosphoric  acid  better  results  than  the  nitrogen.  Taking  the 
combined  average  of  the  combination  of  any  two  of  the  constituents  as 
one,  the  effect  of  adding  the  third  may  be  exiDiessed  as  follows:  Pot- 
ash 1.47,  nitrogen  1.72,  phosphoric  acid  1.87.  It  is  clear  from  these 
figures  that  phosphoric  acid  was  of  greater  relative  importance  to  the 
cotton  crop  than  nitrogen,  and  nitrogen  of  more  imi)ortance  than  potash. 

PROPORTIONS  AND  AMOUNTS  OF  POTASH,  PHOSPHORIC  ACID,  AND 
NITROGEN  REQUIRED. 

Our  applications,  it  will  be  remembered,  were  intemled  for  a crop 
yielding  300  iiounds  of  lint  per  acre.  While  the  results  of  the  foregoing 
tests  leave  no  doubt  as  to  the  importance  of  potash,  phosphoric  acid, 
and  nitrogen,  it  does  not  necessarily  follow  that  the  amounts  supi)lied 
were  the  right  ones.  The  full  or  theoretical  dose  may  well  have  been 
too  small  on  the  one  hand  or  too  large  on  the  other.  In  order  to  deter- 
mine this  point  other  series  of  experiments  were  carried  on  in  which 
different  amounts  of  each  constituent  were  emidoyed.  In  one  series 
different  amounts  of  potash  were  used  with  full  doses  of  the  other  con- 
stituents; in  another  series  the  x)hosphoric  acid,  and  in  a third  the  nitro- 
gen varied,  the  other  two  remaining  the  same.  For  convenience  the 
two  constituents  remaining  fixed  (as  to  amounts  used)  in  a series  may 
be  called  the  constants,  and  the  one  changing  the  variant.  In  stating 
the  results  the  average  yield  of  lint  per  acre  for  the  two  farms  for  the 
three  years  is  given. 

POTASH. 

In  this  series  phosphoric  acid  and  nitrogen  were  the  constants  and 
potash  the  variant.  Full,  double,  and  half  doses  (48  pounds,  96  pounds, 
and  24  pounds)  of  potash  were  tested,  with  full  doses  of  j)hosphoric 
acid  and  nitrogen,  with  the  fo.Towing  results: 

Pound  3. 


2 potash 329 

1 potash 318 

I potash 294 


It  will  be  sccji  that  the  double  dose  ^ave  only  9 xjonnds  more  than 
the  full  dose,  and  the  latter  only  24  xiounds  more  than  the  half  dose. 
The  average  probable  error  for  the  two  farms  amounted  to  4=31  x)ounds 
of  lint  per  acre.  It  ai)pears,  therefore,  that  the  several  amounts  gave 
about  the  same  average  results.  It  has  already  been  mentioned  that 
the  i)otash  in  this  series  of  tests  was  supplied  by  muriate  of  potash.  In 
another  series — which  will  be  discussed  later  on — undertaken  for  the 
purpose  of  determining  the  relative  values  of  the  several  kinds  of  xiot- 
assic  manures,  different  amounts  of  potash  were  also  tested  in  the  form 
of  kainit  and  snliihateof  potash.  The  full  dose  of  potash  in  the  kainit 
gave  331  i)ounds  and  the  half  dose  332  pounds;  the  full  dose  in  suli)hate 
of  xmtash  gave  322  xiounds  and  the  half  dose  295  pounds.  With  kainit 
there  was  a difference  of  1 pound  in  favor  of  the  half  dose;  with  the  sul- 
Xdiate  of  potash,  a difference  of  27  pounds  in  favor  of  the  full  dose. 
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Tlie  results  of  the  one  series  strongly  support  those  of  the  other,  and 
we  must,  therefore,  conclude  that  the  full  and  double  doses  of  iiotash 
were  excessive. 

PHOSPHORIC  ACID. 

In  this  series  potash  and  nitrogen  were  the  constants  and  phosphoric 
acid  the  variant.  Full,  double,  and  half  doses  (26  pounds,  52  pounds, 
and  13  pounds)  were  tested  together  with  full  doses  of  potash  and  nitro- 
gen. The  phosi^horic  acid  was  supplied  by  acid  lihosphate. 

Pounds. 


2 phosphoric  acid 386 

1 phosphoric  acid 398 

^ phosiihoric  acid 277 


The  mean  ditference  between  the  averages  of  the  double  and  full 
doses  was  68  pounds  for  the  two  farms.  The  difference  between  the  full 
and  half  doses  averaged  41  t>ounds  for  the  two  farms.  Increasing  the 
dose  by  100  i^er  cent  seems  to  have  been  attended  with  a correspond- 
ing increase  of  from  65  to  75  pounds  of  lint.  Indeed,  increasing  the 
amount  of  phosphoric  acid  produced  marked  effects  at  the  two  farms 
both  in  this  series  and  in  another  series  of  experiments  with  different 
phosphatic  fertilizers.  In  the  latter  series  the  full  dose  of  phosphoric 
acid  in  reduced  phosphate  (see  p.l6)  averaged  44  pounds  more  lint  than 
the  half  dose  for  the  two  farms.  It  follows,  therefore,  that  double  doses 
of  phosphoric  acid  can  be  advantageously  employed. 

NITROGHN. 

In  this  series  nitrogen  was  the  variant  and  phosphoric  acid  and 
potash  the  constants.  As  nitrogen  is  the  most  expensive  constituent 
of  fertilizers,  it  was  thought  advisable  to  test  it  in  several  different 
proportions,  with  full  doses  of  the  others.  The  nitrogen  was  supplied 
by  nitrate  of  soda.  The  full  dose  amounted  to  52  xiounds. 

Pounds. 


2 nitrogen 269 

1|  nitrogen 257 

1 nitrogen 318 

f nitrogen 316 

^nitrogen 269 

I nitrogen 232 


The  close  parallelism  between  the  results  of  the  tests  at  the  two 
farms  was  remarkable.  It  will  be  seen  that  the  full  and  three-quarter 
doses  gave  almost  exactly  the  same  combined  averages— 318  iiouiids 
and  316  pounds,  respectively — and  better  results  than  the  heavier 
doses,  which  iirobably  lowered  the  yield,  as  compared  with  the  full  dose, 
by  inducing  too  luxuriant  a growth  of  stem  and  foliage,  or  what  is 
commonly  known  as  iveed.  The  half  dose  gave  exactly  the  same  yield 
as  the  double  dose.  Fediiciiig  the  dose  by  more  than  50  j)er  cent 
unmistakably  diminished  the  yield,  as  will  apx^ear  from  a comparison 
of  the  average  of  the  full  and  quarter  doses.  As  compared  with  the 
quarter  dose,  the  half  dose  does  not  show  an  increase  sufficient  to  make 
u})  for  its  additional  cost.  That  the  bill  dose  of  nitrogen  was  excessive. 


12 


as  compared  with  the  half  dose,  also  appears  from  the  results  of  another 
series  of  exx)eriments  with  different  nitrogenous  manures  in  which  full 
and  half  doses  of  nitrogen  were  employed.  In  that  series  the  half  dose 
of  nitrogen  in  dried  blood  gave  6 pounds  more  lint  than  the  full  dose, 
iu  the  cotton-seed  meal  33  pounds  more,  and  in  the  ground  cotton  seed 
7 pounds  more. 

It  follows,  therefore,  that  the  three-quarter,  full,  one  and  one  half, 
and  double  doses  were  excessive,  and  tliat  tlie  difference  iu  favor  of 
the  half  dose  as  comi)ared  with  the  quarter  dose  was  not  sufficiently 
large  to  meet  its  additional  cost. 

The  results  of  the  preceding  tests  taken  together  show  that  a crop 
of  cotton  yielding  300  pounds  of  lint  ])er  acre  requires  double  the  full 
or  theoretical  amount  of  phosphoric  acid,  but  only  about  one  fourth  to 
oue  half  the  full  amounts  of  potash  and  nitrogen. 

DOUBLE  DOSKS  OF  TWO  COXSTITUENTS. 

In  all  the  foregoing  series  of  tests  except  one,  two  of  the  constitu- 
ents were  constants,  while  the  third  was  increased  or  diminished.  It 
was  deemed  advisable,  in  order  to  test  the  effect  of  increasing  the 
amounts  of  the  two  minerals  (potash  aud  phosphoric  acid),  or  nitrogen 
and  one  mineral,  to  carry  on  another  series  in  which  one  constituent 
should  be  taken  as  the  constant  and  the  other  two  as  the  variants. 
This  series  was  also  intended  to  be  a check  ui)on  those  discussed  above. 
To  present  the  results  more  clearly,  the  double  doses  of  the  two  con- 
stituents will  be  conii^ared  with  the  double  and  also  with  the  single 
doses  of  each. 

Poniids. 


1 potash  and  1 phosphoric  acid .318 

2 potash  aud  1 phosphoric  acid 329 

1 potash  aud  2 jihosphoric  acid 386 

2 potash  aud  2 phosphoric  acid 358 


(1)  Double  doses  of  the  minerals. — In  the  tests  under  this  head  the 
full  dose  of  nitrogen  was  used  in  each  case  and  is,  therefore,  not  men- 
tioned in  the  comparison.  In  this  and  tlie  two  following  statements  of 
results  of  yield  of  lint  per  acre  the  ffrst  three  tests  are  taken  from  the 
preceding  series. 

It  is  evident  that  doubling  both  minerals  gave  no  better  returns  than 
doubling  only  the  x)hosphoric  acid,  for  the  difference  between  the  aver- 
ages of  the  two  applications  did  not  exceed  the  probable  error  at  either 
farm.  Their  beneficial  effects  as  compared  with  those  of  the  other  two 
were  doubtless  due  in  both  cases  to  the  increased  dose  of  phosi)horic 
acid. 

(2)  Double  doses  of  nitrogen  and  potash. — In  these  tests  phosphoric 
acid  (full  dose)  was  the  (‘onstant. 

Pounds. 


1 uitrogeii  aud  1 potash 318 

1 uitrogeu  aud  2 potash 329 

2 uitrogeii  aud  1 potash 269 

2 uitrogeu  aud  2 potash 268 
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Double  doses  of  nitrogen  and  potasli  gave  almost  exactly  the  same 
results  at  each  farm  as  the  full  or  single  dose  of  nitrogen,  and  both 
applications  were  inferior  to  the  first  two,  in  which  single  doses  of  nitro- 
gen were  used.  Here,  again,  there  is  evidence  of  the  injurious  effects 
of  excessive  doses  of  nitrogen.  The  fruit  requires  i^hosphoric  acid. 
The  heavy  growth  of  weed  induced  by  the  excess  of  nitrogen  consumes 
a large  part  of  the  phosphoric  acid,  when  it  is  present  in  limited 
amounts,  and  the  supply  fails  before  the  plant  has  perfected  all  its  fruit. 
The  unseasonable  growth  is  also  generally  checked  or  destroyed  by 
cold  Aveather.  It  follows  from  this  that  whenever  heavy  amounts  of 
nitrogen  are  employed  the  phosphoric  acid  should  be  correspondingly 
increased.  This  statement  is  borne  out  by  the  results  of  the  next  tests. 

(31  Double  doses  of  nitrogen  and  phosphoric  acid, — Potash  (full  dose) 
Avas  the  constant.  The  yield  of  lint  per  acre  Avas  as  folloAvs: 

I’oniids. 


1 nitrogen,  1 phosplioric  acid 318 

2 nitrogen,  1 phosplioric  acid 269 

1 nitrogen,  2 phosphoric  acid 386 

2 nitrogen,  2 phosphoric  acid 405 


The  difference  in  the  effects  of  the  doulde  dose  of  nitrogen  when 
combined  Avith  the  double  dose  and  the  single  dose  of  ])hosphoric  acid 
is  very  striking  and  abundantly  confirms  the  point  made  above.  The 
double  dose  of  xihosphoric  acid  gave  about  the  same  combined  average 
as  the  double  dose  of  nitrogen  and  phosx)horic  acid.  Both  sIioav  de- 
cided gains  as  compared  AAdth  the  applications  containing  single  doses 
of  nitrogen  and  phosphoric  acid. 

The  conclusions  draAAm  from  the  results  of  the  experiments  discussed 
under  the  preceding  heads  are  still  further  strengthened  by  the  results 
of  this  series  of  tests. 

DOUBLE  DOSES  OF  THREE  CONSTITUENTS. 

The  point  may  be  made.  Would  not  doubling  all  three  constituents 
give  better  results  than  doubling  any  two  of  them*?  Our  tests  answer 
it  as  follows : 

I’ounds. 


1 jiotash,  1 phosplioric  acid,  1 nitrogen 318 

2 ]iotasli,  2 phosphoric  acid,  2 nitrogen 320 


On  comiiaring  their  combined  averages  it  is  apparent  th  at  the  two 
aiiplications  gave  about  the  same  results.  It  Avill  be  asked,  AVhy  did 
doubling  all  three  constituents  fail  to  show  any  increase,  when  doubling 
the  phosphoric  acid,  or  even  the  phosiihoric  acid  and  nitrogen,  Avas  of 
such  decided  benefit  to  the  crop'?  It  can  be  replied  that  the  excessive 
applications  of  iiotassic  and  nitrogenous  salts  (muriate  of  jmtash  and 
nitrate  of  soda)  probably  acted  injuriously  upon  the  crop,  especially  in 
the  early  stages  of  its  growth,  and  thereby  neutralized  the  beneficial 
effects  of  the  phosphoric  acid.  The  deficiency  of  the  soils  in  vegeta- 
ble matter  seriously  affected  their  relations  to  heat  and  moisture  and 
unfitted  them  to  respond  to  heavy  applications  of  commercial  fertilizers 
or  chemicals. 
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In  their  advocacy  of  the  intensive  system  of  farming  some  go  so  far 
as  to  claim  that  “doubling  the  manure  will  double  the  crop.’^  No  amount 
of  food  will  fatten  a very  lean  animal  in  a few  weeks’  time.  And  so 
with  an  impoverished  soil.  It  can  not  be  forced  into  immediate  fertility 
by  lavish  applications  of  commercial  fertilizers.  Its  mechanical  con- 
dition— its  physical  properties — must  be  improved  b}^  thorough  tillage 
and  the  addition  of  vegetable  matter.  The  results  of  the  foregoing 
experiments  show  the  necessity  of  caution  in  the  use  and  application  of 
manures,  for  they  make  it  clear  that  with  a given  amount  of  phosphoric 
acid  only  comparatively  small  doses  of  potash  and  nitrogen  were  needed 
and  that  all  amounts  of  potash  and  nitrogen  in  excess  of  these  doses 
were  simi)ly  thrown  away. 

It  will  be  of  interest  to  compare  Aviththe  above  test  another  in  Avhich 
double  doses  of  the  three  constituents  Avere  employed  in  connection 
with  vegetable  matter.  Six  tons  of  good  stable  manure  supply  the 
full  or  theoretical  doses  of  the  three  constituents,  together  Avith  a large 
amount  of  humus.  Twelve  tons  aauII  furnish  double  doses  of  the  three. 
These  two  amounts  Avere  tested  in  the  series  of  experiments  Avith  nitrog- 
enous manures  to  be  discussed  later  on.  Tlieir  average  results  of 
yield  of  lint  per  acre  may  be  given  here  as  folloAvs: 

Pounds. 


1 potash,  1 phosphoric  acid,  1 nitrogen  (stable  mannro) 392 

2 iiotash,  2 phosphoric  acid,  2 nitrogen  (stable  manure) 462 


Comparing  the  combined  averages  of  stable  manure  and  the  com- 
mercial fertilizers  it  will  be  seen  that  in  the  former  the  single  doses 
of  the  three  constituents  gave  74  pounds  more  lint  and  the  double 
doses  142  pounds  more  than  the  corresponding  doses  in  the  latter. 
The  difference  in  favor  of  the  stable  manure  is,  in  large  part,  attribut- 
able to  the  beneficial  effects  of  its  humus.  Comparing,  next,  the  com- 
bined averages  of  the  tAvo  applications  of  stable  manure  Ave  find  that 
doubling  the  dose,  so  far  from  doubling  the  crop,  only  gaA^e  an  increase 
of  70  pounds  of  lint.  The  increase  was  by  no  means  commensurate 
Avith  the  increased  cost  of  the  application.  The  results  of  our  tests  are 
not  opposed  to  the  judicious  use  of  liberal  amounts  of  manures,  but 
only  to  their  lavish  and  unintelligent  employment.  The  enrichment  of 
an  impoverished  soil  is  the  work  not  of  mouths  but  of  years,  and  it  can 
only  be  economically  accomplished  in  our  climate  by  turning  under  green 
crops  and  other  forms  of  vegetable  matter  in  connection  Avith  applica- 
tions of  fertilizers. 

But  it  may  be  claimed  that  heavy  applications  of  fertilizers  are  cumu- 
lative in  their  eftects  and  Avill,  therefore,  pay  in  the  long  run.  Our 
observations,  covering  a period  of  three  years,  showed  that  this  Avas 
not  the  case  at  our  farms. 

IN  AVHAT  FORMS  CAN  POTASH,  PHOSPHOR IC  ACID,  AND  NITROGEN  BE 
MOST  EFFECTIVELY  SUPPLIED? 

Numerous  kinds  of  potassic,  phosphatic,  and  nitrogenous  manures 
are  noAv  offered  for  sale  in  our  markets.  Under  the  first  head  are  gen- 
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erally  classed  wood  ashes,  cotton-seed  hull  ashes,  kainit,  sylvinit,  muri- 
ate of  potash,  and  snlphate  of  potash  5 under  the  second,  floats,  basic 
slag,  bone  meal,  boneblack,  dissolved  boneblack,  acid  phosphate  or 
superphosphate  of  lime,  and  phosphatic  guanos  j under  the  third,  sul- 
phate of  ammonia,  nitrate  of  soda,  dried  blood,  fish  scrap,  tankage, 
cotton-seed  meal,  and  guanos.  When  the  variety  offered  is  so  great 
tfie  determination  of  the  relative  values  of  the  several  kinds  in  each 
class  becomes  a matter  of  importance. 

Our  tests  were  confined  to  the  kinds  commonly  used  in  the  South. 
The  experiments  included  tests  of  potassic  inaniires,  tests  of  phovsphatic 
manures,  and  tests  of  nitrogenous  manures.  In  each  series  equivalent 
amounts  of  the  several  fertilizers  were  used,  that  is,  amounts  furnish- 
ing the  same  number  of  pounds  of  the  given  constituent.  The  per- 
centage of  potash,  phosphoric  acid,  or  nitrogen  in  the  kinds  tested  was 
determined  beforehand.  Care  was  taken  to  use  liberal  amounts  in  order 
to  allow  for  possible  loss  in  their  handling  or  a})plicatiou.  It  is  known 
that  nitrogen,  phosphoric  acid,  and  potash  are  more  available  (to  the 
plant)  in  some  forms  than  in  others.  In  order  to  determine  this  point, 
as  well  as  to  check  the  tests  of  the  inerediiig  series,  two  amounts  of 
each  fertilizer  were  employed — one  containing  the  full  and  the  other 
the  half  dose  of  the  given  constituent. 

POTASSIC  MANUimS. 

Three  kinds  of  potassic  manures  were  tested — muriate  of  potash, 
containing  50  per  cent  of  potash,  sulphate  of  potash  containing  37  per 
cent  of  potash,  and  kainit  containing  12  per  cent  of  potash.  Equiva- 
lent amounts  of  each  were  employed.  Thecostof  the  potash  in  each  kind 
will  be  given  later  0115  here  we  are  only  concerned  with  their  effects 
upon  the  crop.  The  full  doses  of  iihosphoric  acid  and  nitrogen  were 
supplied,  as  in  the  preceding  series,  by  acid  ifliosphate  and  nitrogen. 
These  two  being  the  constants  are  omitted  for  the  sake  of  clearness  in 
the  statement.  The  eflects  of  the  full  dose  of  potash  in  the  three  (potas- 
sic) fertilizers  will  first  be  compared. 

Pounds. 


Muriate  of  potash 318 

Sulphate  of  potash 322 

Kainit 33d. 


The  agreement  in  the  combined  averages  of  the  three  aiiiilications  is 
very  close. 

It  may  be  objected  that  potash  is  iiossibly  less  active  in  some  one  or 
more  of  the  salts  and  that  the  amount  of  the  fertilizer  used  will  there- 
fore affect  its  results.  To  meet  this  point,  equivalent  amounts  supplying 
the  half  dose  of  potash  were  also  tested  with  the  following  results: 

Pounds. 


Muriate  of  potash ^ 269 

.Sulphate  of  potash 295 

Jiaiuit 332 
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The  agreement  in  the  combined  averages  is  again  close,  for  the  dif- 
ference between  those  of  the  kainit  and  the  sulphate  does  not  exceed 
the  probable  error. 

It  follows  from  these  results  that  the  three  kinds  may  be  indifferently 
used  for  supplying  the  required  dose  of  potash. 

These  tests  were  also  intended  to  check  those  of  the  preceding 
series.  Their  results  were  referred  to  under  that  head  and  it  will  be 
sufficient  to  give  here  only  their  combined  averages. 


Comhinecl  average  gielcl  of  lint  per  acre  for  three  years. 


Fertilizer. 

ISTuriate 
of  potasli. 

Sulpltale 
of  potash. 

Kainit. 

Poxindfi. 

■m 

2'.»4 

Poun  c/v. 
1422 

Pounds. 

391 

295 

332 

i 

In  each  case  the  half  dose  was  practically  as  effective  as  the  full 
dose. 


PHOSrilATIC  MAXUKES. 


Experiments  with  phosphatic  manures  are  not  as  simple  as  those 
with  potassic.  Whatever  may  be  true  of  potash,  it  is  certain  that  some 
forms  of  phosphoric  acid  are  more  soluble,  and  hence  more  available 
to  the  plant,  than  others.  In  acid  phosphate,  dissolved  boneblack,  etc., 
the  phosphoric  acid  is  readily  soluble;  in  reduced  or  precipitated  phos- 
phate it  is  slowly  soluble;  in  basic  slag,  floats,  coarse  bones,  etc.,  it  is 
insoluble  (in  water  or  weak  acids).  Our  experiments  bear  upon  the 
relative  values  of  these  three  classes  of  phosphatic  manures. 

Three  forms  of  i^hosphoric  acid  are  recognized  by  the  fertilizer  con- 
trol stations  and  have  different  money  values  assigned  them — the 
soluble,  the  reAmrted  (slowly  soluble),  and  the  insoluble.  The  first  two 
are  generally  classed  together  as  available.  There  is  great  difference 
of  opinion  as  to  the  relative  agricultural  value  of  these  three  forms. 
For  a time  it  was  held  that  to  be  of  value  to  the  plant  phosphoric  acid 
must  be  readily  soluble,  hence  the  slowly  soluble  form  was  held  to  be 
of  little  account.  Afterwards  it  was  discovered  that  the  soluble  form 
when  ai)plied  to  the  soil  was  precipitated  by  its  bases,  such  as  alumina, 
iron,  etc.,  and  converted  into  the  dicalcic  or  slowly  soluble  form,  also 
called  the  reduced  or  reverted.  Some  contend  that  the  precipitated  or 
reverted  acid  is,  for  this  reason,  as  available  to  the  jdant  as  the  soluble. 
It  is  replied  that  the  solubility  of  a fertilizer  is  largely  determined  hy 
its  tinewess  of  division,  and,  granting  that  the  soluble  acid  is  imme- 
diately dissolved  by  the  waters  of  the  soil  and  precipitated,  this  solu- 
tion and  subsequent  precipitation  secures  a thoroughness  of  distribu- 
tion and  fineness  of  division  that  can  not  be  effected  by  mechanical 
means.  The  advocates  of  the  reverted  acid  urge,  however,  that  the 
soluble  form  is  often  taken  up  by  the  crop  before  it  is  preci])itated  and 
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that  its  acidity  is  injurious  to  the  plant.  In  favor  of  the  basic  or 
insoluble  form  it  is  asserted  that  it  is  gradually  dissolved  by  the  reagents 
of  the  soil  and  rendered  available  and  that  it  is  consequently  of  value 
to  crops  of  comparatively  slow  growth.  It  is  of  interest,  therefore,  to 
collect  data  bearing  upon  these  points. 

All  three  forms  of  idiosphoric  acid  were  tested  at  the  two  farms.  The 
soluble  form  was  supplied  by  acid  phosphate  containing  16  per  cent 
total  phosphoric  acid  (about  11  per  cent  soluble,  3^  per  cent  reverted, 
and  If  per  cent  insoluble).  The  reverted  form  was  supplied  by  reduced 
])hosphate.  This  was  made  by  mixing  acid  phosphate  and  floats  in  the 
proportion  of  2 pounds  of  the  former  to  1 pound  of  the  latter  and 
allowing  the  mixture  to  stand  for  some  weeks  until  the  soluble  i)hos- 
phoric  acid  was  precipitated.  The  reduced  phosphate  contained  19.5 
per  cent  total  phosphoric  acid  (about  10  per  cent  available,  the  rest 
insoluble).  The  insoluble  form  was  supidied  by  basic  slag,  coutaining 
21.5  per  cent  phosphoric  acid,  and  also  by  floats,  containing  20.5  per 
cent  phosphoric  acid.  It  is  claimed  for  the  slag  that  its  phosphoric  acid 
is  more  easily  rendered  available  by  the  solvents  of  the  soil  than  other 
insoluble  forms. 

The  acid  phosphate  contains,  in  addition  to  its  phosi)hate  of  lime,  a 
large  amount  of  sulphate  of  lime.  This  sulphate  sometimes  acts  bene- 
ficially on  certain  soils  on  account  of  its  lime.  Hence  it  is  usual  in 
experiments  with  different  classes  of  pho.sphatic  manures  to  have  one 
or  more  plats  dressed  with  xffaster  or  sulphate  of  lime  in  order  to  test 
the  relations  of  the  soil  to  lime.  As  we  had  a series  of  tests  of  calcare- 
ous manures  running  alongside  of  this  one  which  bore  on  this  very 
point,  sulphate  of  lime  plats  were  omitted.  Such  amounts  of  the 
different  phosphatic  fertilizers  were  used  as  would  supply  the  full  dose 
(26  pounds)  and  also  the  half  dose  (13  pounds)  of  phosphoric  acid. 
These  were  employed  with  full  doses  of  potash  and  nitrogen.  Compar- 
ing, first,  the  effects  of  the  full  dose  of  phosphoric  acid  in  different 
forms,  we  have: 

rounds. 


Acid  phosphate 318 

Reduced  phosphate 249 

Floats 204 

Basic  slag 194 


The  two  insoluble  phosiffiates — slag  and  floats — gave  about  the  same 
average  results.  As  compared  with  their  combined  averages  the  re- 
duced phosphate  shows  a gain  of  about  45  pounds  of  lint.  The  acid 
phosphate  gave  69  pounds  more  than  the  reduced  ])hosphate  and  112 
pounds  more  than  the  floats.  It  is  clear  that  the  results  were  directly 
proportionate  to  the  solubility  of  the  phos]ihoric  acid — the  more  solu- 
ble the  acid  the  larger  the  average  yield  of  lint.  The  floats  and  slag 
gave  no  better  results  than  acid  phosphate  (with  soluble  phosphoric 
acid)  and  potash  without  nitrogen,  or  acid  iihosphate  and  nitrogen 
without  potash. 

17873— No.  14 2 
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The  half  doses  of  phosphoric  acid  gave  the  follo^Yillg  results: 

rounds. 


Acid  phosphate 277 

Reduced  i)hosphate 205 

Floats 171 

Basic  slag 188 


The  average  results  of  the  half  doses  agree  very  closely  with  those 
of  the  full  doses.  The  acid  phosphate  shows  72  pounds  more  lint 
than  the  reduced  jihosiihate  and  lOG  pounds  more  than  the  floats. 

As  to  the  comparative  eflects  of  the  full  and  half  doses  it  appears  that 
in  the  insoluble  forms,  floats  and  slag,  one  dose  was  about  as  effective 
as  the  other,  both  being  apparently  of  little  benefit  to  the  crop;  for 
allowance  must  be  made  for  the  nitrogen  and  potash  with  which  they 
were  combined.  In  the  slowly  soluble  form,  reduced  phosphate,  the 
full  dose  gave  41  pounds  more  than  the  half  dose;  in  the  soluble  form, 
acid  phosphate,  it  gave  31  iiouuds  more  than  the  half  dose, 

NITROGENOUS  MANURES. 

Two  forms  of  nitrogen  are  recognized  by  agricultural  chemists — 
organic  nitrogen,  contained  in  matters  of  vegetable  or  animal  origin, 
such  as  stable  manure,  cotton  seed  meal,  dried  blood,  fish  scrap,  etc.; 
and  inorganic  nitrogen,  contained  in  mineral  matters,  such  as  sulphate 
of  ammonia,  nitrate  of  soda,  nitrate  of  potash,  etc.  In  the  following 
tests  the  inorganic  nitrogen  was  furnished  by  nitrate  of  soda,  containing 
IG  per  cent  of  nitrogen,  and  the  organic  nitrogen  by  dried  blood,  con- 
taining 12^  i^er  cent  of  nitrogen,  cotton-seed  meal  containing  7 jier  cent 
of  nitrogen,  cotton  seed  containing  2^  per  cent  of  nitrogen,  and  stable 
manure  containing  0.45  per  cent  of  nitrogen.  Tests  were  made  of  both 
ground  and  unground  cotton  seed.  Mixed  nitrogen  (about  one  half 
organic  and  one  half  inorganic)  was  furnished  by  a mixture  of  stable 
manure  and  nitrate  of  soda.  Cotton  seed  meal,  cotton  seed,  and  stable 
manure  contain  also  phosphoric  acid  and  potash.  Allowance  was 
of  course  made  for  their  percentages  of  these  two  constituents,  Equiv^ 
alent  amounts  of  the  several  fertilizers  were  used.  Potash  and  phos- 
phoric acid  (full  doses)  were  the  constants. 

The  full  dose  of  nitrogen  in  the  several  organic  manures  gave  results 


as  follows: 

Pounds, 

Stable  manure 392 

Dried  blood 358 

Cottoii-seed  meal .• 312 

Cotton  seed  (ground) 286 

Cottou  seed  (whole) 275 


The  stable  manure  gave  the  best  combined  average  and  the  dried 
blood  the  next  best.  Cotton-seed  meal  and  cotton  seed  gave  very 
nearly  the  same  averages.  The  whole  cotton  seed  gave  just  as  good 
results  as  the  ground. 

The  full  doses  of  nitrogen  in  the  inorganic,  mixed,  and  organic  forms 
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may  be  compared  by  taking  as  the  representative  of  the  latter  the 
average  of  the  five  organic  manures  mentioned  above: 

Joimds. 


Mixed  nitrogen 395 

Organic  nitrogen 325 

Inorganic  nitrogen 318 


The  mixed  nitrogen,  as  stated  above,  was  furnished  by  stable  manure 
and  nitrate  of  soda,  the  inorganic  nitrogen  by  nitrate  of  soda.  This 
comparison  favors  the  mixed  nitrogen,  and  makes  the  other  two  forms 
show  practically  the  same  combined  averages.  By  referring  to  the 
averages  of  the  organic  manures  given  above  it  will  be  seen,  however, 
that  in  one  kind  (stable  manure)  organic  nitrogen  gave  just  the  same 
results  as  the  mixed  nitrogen,  and  in  another  (dried  blood)  better 
results  than  inorganic  nitrogen ; also  that  in  the  other  three  kinds  (cotton- 
seed meal,  ground  cotton  seed,  and  whole  cotton  seed)  it  was  about 
as  effective  as  the  inorganic  form.  It  is  clear  that  the  stable  manure 
largely  affected  the  foregoing  comparisons.  Wherever  used  its  effects 
were  pronounced,  and  increasingly  so  from  year  to  year.  Six  tons  of 
stable  manure  and  3 tons  of  stable  manure  mixed  with  100  pounds  of 
nitrate  of  soda,  both  furnishing  the  full  dose  of  nitrogen  (together  with 
full  doses  of  potash  and  phosphoric  acid),  applied  annually  upon  the 
same  plats,  greatly  improved  their  physical  proper^es,  as  will  appear 
from  the  following  comparisons  of  averages  for  1888  and  1890 : 

At  the  upper  farm  the  stable  manure  averaged  236  pounds  for  1888 
and  387  pounds  for  1890 j at  the  lower  farm,  377  pounds  for  1888  and 
536  pounds  for  1890.  The  mixture  of  stable  manure  and  nitrate  of  soda 
gave  at  the  upper  farm  203  pounds  in  1888  and  454  pounds  in  1890  j at 
the  lower,  376  pounds  in  1888  and  525  pounds  in  1890.  Its  cumulative 
effects  were  marked.  It  is  often  impossible,  however,  for  the  farmer  to 
get  a sufficiency  of  stable  manure  for  his  entire  crop.  That  a part  of 
it  can  be  fully  replaced  by  some  other  nitrogenous  fertilizer  clearly 
appears  from  the  following:  Six  tons  of  stable  manure  gave  392 
pounds  of  lint  per  acre;  3 tons  of  stable  manure  and  160  xiounds 
nitrate  of  soda,  395  pounds. 

It  is  evident  that  160  pounds  of  nitrate  of  soda  Avere  fully  equal  in 
its  effects  to  3 tons  of  stable  manure.  For  similar  reasons  to  those 
given  under  the  last  head,  half  doses  of  nitrogen  were  also  tested, 
with  the  following  results: 

Pounds. 

Dried  blood 364 

Cotton-seed  meal 343 

Ground  cotton  seed 279 

Nitrate  of  soda 26f 

The  dried  blood  maintained  its  superiority.  The  cotton -seed  meal 
showed  somewhat  better  results  than  the  ground  cotton  seed  and 
nitrate  of  soda,  which  gave  about  the  same  combined  averages. 

Leaving  out  the  stable  manure,  and  in  the  comparison  of  the  remain- 
ing nitrogenous  fertilizers  averaging  the  results  of  the  full  and  half 
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doses  of  each  kind  (taking  it  as  fully  established  that  the  two  doses 
were  equally  effective),  their  results  may  be  finally  shown  as  follows; 

Pounds. 


Dried  blood 361 

Cotton-seed  meal 327 

Ground  cotton  seed 283 

Nitrate  of  soda 293 


The  dried  blood  showed  the  best  average  results  and  the  cotton-seed 
meal  the  next  best.  The  ground  cotton  seed  and  nitrate  of  soda  gave 
about  the  same  averages. 

It  appears  from  the  results  of  the  tests  of  this  series  that  organic 
nitrogen  gave  better  results  than  inorganic;  that  of  the  several  organic 
fertilizers  stable  manure  was  the  best  and  dried  blood  the  next  best, 
that  the  difference  between  the  cotton  seed  meal  and  cotton  seed  was 
slight,  but  in  favor  of  the  meal,  and  that  there  was  no  difference 
between  the  ground  and  whole  cotton  seed;  also  that  the  inorganic 
form,  in  nitrate  of  soda,  was  equally  as  effective  as  the  organic  form  in 
cotton  seed. 

The  comparative  effects  of  the  full  and  half  doses  of  nitrogen  in  the 
different  kinds  of  nitrogenous  manures  were  referred  to  in  discussing 
the  results  of  the  preceding  series.  They  may  be  given  a little  more 
fully  here.  ^ 


Cowlitied  (irciof/e  \peJd  of  Unf  2'cr  acre  on  ihe  iwo  farms  for  Ihree  years. 


I>ried 

blood. 

Corton- 
seed  meal. 

Ground 

cotton 

seed. 

Nitrate 
of  soda. 

Pull  dose  

Founds.  \ 
358  ' 
3«4  1 

Pounds. 

312 

343 

Pound's. 

286 

279 

Pounds. 

318 

269 

TI  nlf  flnsip  

The  probable  error  must  be  allowed  for.  There  can  be  no  question 
of  the  equal  efficacy  of  the  half  dose  as  compared  with  the  full.  The 
results  strengthen  the  conclusions  drawn  from  those  of  the  preceding 
series,  to  the  effect  that  the  half,  as  well  as  the  full,  dose  of  nitrogen 
was  excessive,  and  the  true  amount  required  is  to  be  found  somewhere 
between  the  quarter  and  half  dose. 

CALCAREOUS  MANURES. 

Although  it  is  now  held  that  it  is  only  necessary  to  return  to  the 
soil  nitrogen,  phosphoric  acid,  and  potash,  yet  a soil  may  sometimes  be 
deficient  in  lime,  and  hence  need  calcareous  manures.  Again,  some 
plants  require  considerable  percentages  of  lime.  In  order  to  ascertain 
whether  cotton  on  the  soils  of  our  farms  would  respond  to  applica- 
tions of  lime,  and  also  to  check  our  series  of  tests  of  phosphatic  fertili- 
zers, as  explained  above,  a number  of  experiments  were  carried  on  at 
both  farms,  alongside  of  those  of  this  series.  Abundant  deposits  of 
marl,  a highly  calcareous  manure,  are  found  in  different  parts  of  the 
South.  Hence  it  was  preferred  for  our  tests.  The  kind  used  was  finely 
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gTonud  and  contained  55.4  per  cent  of  lime,  together  with  2.9  per  cent 
phosphoric  acid  and  a tcace  of  potash.  The  dose  of  lime  required  by 
a crop  of  cotton  giving  300  pounds  of  lint  per  acre  is,  according  to  the 
old  analyses,  60  pounds.  This  amount  was  furnished  by  110  pounds  of 
marl.  It  was  added  to  the  full  doses  of  nitrogen,  phosphoric  acid, 
and  potash,  with  the  following  results: 

Pounds. 


1 potash,  1 phosphoric  acid,  and  1 nitrogen 318 

1 potash,  1 pliosphoric  acid,  1 nitrogen,  and  1 lime 250 


In  these  and  several  other  tests  made  at  one  or  other  farms  the  marl 
failed  to  show  any  beneficial  effect  upon  the  crop. 

It  was  stated  that  the  marl  contained  a small  percentage  (2.9  per  cent) 
of  phosphoric  acid.  While  in  the  number  of  pounds  required  to  furnish 
the  full  or  double  dose  of  lime  the  amount  of  phosphoric  acid  would  be 
insignificant,  450  pounds  of  marl  would  furnish  13  pounds  of  phos- 
ifiioric  acid -or  half  the  theoretical  amount  required,  and  900  pounds 
would  furnish  the  full  dose.  The  phosphoric  acid  in  marl  is  insoluble. 
In  order  to  supplement  the  preceding  series  of  experiments  with  ifiios- 
phatic  manures,  by  testing  more  fully  the  effects  of  the  insoluble  phos- 
phoric acid  in  combination  with  other  fertilizers  and  when  used  alone, 
450  pounds  of  marl  per  acre  were  used  at  the  upper  farm  in  combina- 
tion with  full  doses  of  potash,  x)hosphoric  acid  (in  acid  phosphate),  and 
nitrogen  (in  cotton-seed  meal),  and  900  jiounds  per  acre  were  applied 
alone  at  both  farms.  On  the  upper  farm  the  results  were  as  follows: 


Average  yield  of  lint  2)er  acre  at  the  upper  farm  for  three  years. 


1888. 

1889. 

1890. 

Three 

year.s. 

1 potn.sh,  I plio.'sphoTif!  .Tcid,  1 iiitrofioii 

Founds. 

270 

261 

Pounds. 

252 

341 

I‘ounds. 

307 

295 

Poiai  ds. 
312 
299 

Sainft,  Avit.li  addition  of  4.00  pounds  of  marl.. - ... 

The  two  applications  gave  about  the  same  returns.  The  average 
yields  on  the  two  farms  for  three  years  in  pounds  of  lint  per  acre  were 
as  follows : 

Pounds. 


Unfertilized 85 

1 phosphoric  acid  and  8 lime  (in  900  pounds  of  marl) 94 

1 phosphoric  acid  (in  acid  i)hosphate) 159 


The  marl,  containing  eight  times  the  amount  of  lime  required  by  the 
given  crop,  as  well  as  the  full  dose  of  fihosphoric  acid  in  the  insoluble 
form,  gave  about  the  same  combined  average  as  the  unfertilized  plats, 
and  much  poorer  returns  than  the  full  dose  of  soluble  phosphoric  acid 
in  acid  phosiihate. 

It  appears,  therefore,  from  the  results  of  these  tests,  as  well  as  from 
those  of  the  iweceding  series,  that  insoluble  phosphoric  acid,  whether 
supplied  by  basic  slag,  floats,  or  marl,  is  inferior  to  the  soluble  phos- 
phoric acid  in  the  acid  phosphate,  and  of  little  value  to  cotton. 
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III  all  the  foregoing  tests,  with  a single  exception,  the  marl  was  of  no 
benefit  to  the  crop.  In  the  exception  referred  to,  its  beneficial  effects 
Avere  probably  due  to  its  action  upon  the  organic  matters  of  the  soil. 
This  will  more  clearly  appear  from  the  results  of  the  following  tests 
made  at  the  lower  farm.  In  1888  two  plats  (duplicates)  were  dressed 
with  900  pounds  marl  each  and  planted  in  cotton.  Cowpeas  were 
drilled  in  between  the  rows  at  the  last  working  given  the  cotton.  In 
the  fall,  after  the  cotton  was  picked  out,  the  plats  were  seeded  in  oats. 
In  the  spring  of  1889  the  oats  were  turned  under,  and  peas  were  again 
planted  without  manures  of  any  kind.  In  the  fall  the  i)eas  were 
plowed  under  and  the  plats  were  seeded  in  oats.  In  the  spi'ing  of 
1890  the  oats  were  turned  under  and  the  plats  were  again  dressed  with 
900  pounds  of  marl  and  put  back  in  cotton.  It  is  well  known  that  cal- 
careous manures  act  beneficially  upon  leguminous  crops,  such  as  peas, 
clover,  etc.  It  was  expected  of  this  test,  first,  that  the  heavy  dressing 
of  marl  would  greatly  improve  the  several  crops  of  peas  and,  therefore, 
aid  in  supplying  a large  amount  of  vegetable  matter  to  the  soil  and  at 
the  same  time  hasten  its  decomposition 5 and  second,  that  this  vegeta- 
ble matter  would,  in  its  turn,  cheaply  furnish  nitrogen  to  the  cotton 
crop,  and  improve  the  physical  properties  of  the  soil.  It  will  be 
noticed  that  marl  was  the  only  fertilizer  used,  that  the  plats  were 
in  peas  without  cotton  in  1889  and  unmanured,  aiui  that  when  planted 
in  cotton  in  1888  and  1890  each  received  900  pounds  of  marl  i)er  acre. 
It  will  be  interesting  to  compare  the  results  with  some  already  noticed. 

Average  yields  of  lint  per  acre  at  the  lower  farm  in  1890. 

Pounds. 


Unfertilized  (in  cotton  in  1888  and  1889,  unfertilized  each  year) 86 

900  pounds  of  marl  (in  cotton  in  1888  and  1889,  with  900  pounds  marl 

each  year) 71 

Full  doses  of  nitrogen,  phosphoric  acid,  and  potash  (1888  and  1889 — 

same  crop  and  fertilizers) 392 

900  ])ounds  of  marl  (1888  cotton  with  900  pounds  marl ; 1889  peas  only 
unfertilized) 364 


The  figures  are  surprising.  While  the  marl  used  alone  was  clearly 
of  no  value  to  the  cotton,  in  connection  with  the  vegetable  matter  of 
the  peas  and  oats  it  increased  the  yield  more  than  tenfold,  and  gave 
returns  nearly  equal  to  those  of  the  full  doses  of  nitrogen,  phosphoric 
acid,  and  potash. 

The  tests  of  this  series  go  to  show  that  lime  in  marl,  whether  used 
n small  or  large  doses,  is  of  little  value  to  cotton  in  the  absence  of 
organic  matter,  but  that  where  this  is  present  it  acts  beneficially;  also 
that  it  can  be  used  with  decided  advantage  upon  the  pea  crop. 

EFFECTS  OF  COPPERAS. 

Articles  have  been  repeatedly  published  in  Southern  agricultural 
journals  asserting  that  coi)peras  would  prevent  the  rusting  of  cotton. 
Such  claims  are  opposed  to  the  opinion  generally  held  that  sulphate  of 
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iron  (copperas)  acts  injuriously  in  the  soil.  In  order  to  test  them,  dif- 
ferent amounts  of  copperas  were  applied  each  year  with  full  doses  of 
nitrogen,  phosphoric  acid,  and  ijotash,  with  the  following  results: 

Pounds. 


Without  copperas 318 

With  100  pounds  of  copperas 283 

With  50  pounds  of  copperas 307 


It  is  evident  the  copperas  iiroduced  no  effect,  eitlier  beneficial  or  inju- 
rious, upon  the  crop. 

THE  BEST  TIME  FOE  APPLYING  NITRATE  OF  SODA. 

There  is  considerable  difference  of  opinion  as  to  the  best  time  for  ap- 
plying nitrate  of  soda.  It  can,  of  course,  be  most  economically  applied 
with  the  other  fertilizers  at  the  time  of  planting.  It  is  objected 
to  this,  that  there  is  danger  of  the  nitrate  being  washed  out  of  the 
soil  by  heavy  spring  rains  before  the  crop  is  sufficiently  advanced  to 
assimilate  it.  Others  hold  that  it  can  be  more  effectively  applied  in 
one  or  more  top-dressings.  A number  of  experiments  bearing  upon  this 
question  were  begun  at  the  lower  farm  in  1889.  The  full  doses  of  potash 
and  pho^sphoric  acid  were  in  every  case  used  with  the  nitrate  of  soda. 

Nitrate  of  soda  containing  the  full  dose  of  nitrogen  was  applied  at 
different  times,  as  follows:  All  at  time  of  planting;  half  at  planting 
and  half  in  one  top-dressing;  all  in  one  top  dressing;  all  in  two  equal 
top-dressings.  From  the  results  of  the  tests  it  appeared  that  nitrate 
of  soda  can  be  applied  as  effectively,  and  certainly  more  economically, 
with  the  other  fertilizers  at  the  time  of  planting,  as  it  can  in  one  or 
more  top-dressings. 

METHODS  OF  APPLYING  FERTILIZERS. 

In  the  South  the  fertilizers  used  on  cotton  are  generally  applied  in 
the  hill  or  drill  before  or  at  the  time  of  planting.  Whether  drilling 
will,  under  all  circumstances,  give  better  results  than  broadcasting  is 
a question  not  yet  decided.  Our  tests  bore  upon  it.  Applications  con- 
taining both  the  full  and  half  doses  of  nitrogen,  with  full  doses  of 
potash  and  phosphoric  acid,  were  tested  at  both  farms.  The  nitrogen 
was  furnished  by  cotton- seed  meal.  The  applications  containing  the 
full  dose  gave  results  as  follows  : 

Pound  f3. 


In  hill 312 

Broadcast 303 


It  is  evident  that  the  two  applications  gave  about  the  same  results. 
The  applications  containing  the  half  dose  of  nitrogen  gave  results  as 
follows : 

Pounda. 


In  hill 343 

Broadcast 245 


The  difference  in  favor  of  drilling  amounted  to  about  100  pounds  of 
lint  per  acre  at  each  farm. 
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Other  combinations  of  fertilizers  were  tested  in  the  same  way  at  the 
lower  farm.  The  results  showed  that  where  liberal  amounts  of  fertil- 
izers were  used  one  method  was  certainly  as  effective  as  the  other, 
but  where  smaller  amounts  were  employed  the  tests  appeared  to  favor 
drilling. 


THEORETICAL  AND  ACTUAL  YIELD  OF  LINT  PER  ACRE. 

It  has  been  explained  that  our  applications,  when  full  doses  were 
used,  supplied  the  amount  of  potash,  phosphoric  acid,  and  nitrogen 
contained  in  a crop  of  cotton  yielding  300  iioiiuds  of  lint  per  acre. 
According  to  the  old  analyses  and  determinations,  which  we  were 
obliged  to  fall  back  uiion,  this  crop  is  made  up  as  follows:  Lint  300 
pounds,  seed  000  pounds,  leaves  500  pounds,  bolls  500  pounds,  stems 

I, 200  pounds,  roots  300  iiounds;  total  3,400  pounds,  containing  52 
pounds  of  nitrogen,  48  pounds  of  potash,  and  20  pounds,  of  phosphoric 
acid.  Determinations  and  analyses  made  by  our  assistant  chemist,  J. 

II.  McBryde,  continued  for  two  years  and  carefully  duplicated  and 
checked  each  season,  showed  the  above  figures  to  be  inaccurate,  and 
that  the  croi)  is  made  up  of  300  imunds  of  lint,  054  inmnds  of  seed, 
404  pounds  of  leaves,  575  pounds  of  bolls,  058  pounds  of  stems,  and  250 
pounds  of  roots  j total  2,841  pounds,  containing  40  pounds  of  nitrogen, 
39  pounds  of  potash,  and  12  xmunds  of  phosphoric  acid.  The  two 
series  differ  widely  in  their  amounts  of  stems  and  j)hosphoric  acid.  In 
other  respects,  the  agreement  between  them  is  reasonably  close. 

The  table  giving  the  results  of  our  analyses  and  determinations 
is  of  such  value  in  the  present  connection  as  to  call  for  its  insertion 
here.  It  was  first  given  to  the  public  in  a bulletin  of  the  experiment 
station  of  the  University  of  Tennessee  entitled  A Chemical  Study  of 
the  Cotton  Plant. 

Fertilizing  constituents  contained  in  a crop  of  cotton  yielding  SOO  pounds  of  lint  per  acre. 


Pounds  per  acre. 


Fertilizing  constituents  (cal- 
culated). 

In  300 
pounds 
lint. 

In  654 
pounds 
seed. 

In  404 
l)ounds 
holis. 

In  575 
Xiounds 
leaves. 

In  658 
pounds 
stems. 

In  250 
pounds 
roots. 

li.  2,  oil 

]jounds 
total  crop. 

Nitrogen 

0.  72 

20.  08 

4.  50 

13. 85 

5.17 

1.  62 

45.94 

Phosphoric  aciil,  P^Os 

0. 18 

6.  66 

1. 14 

2.57 

1.22 

0.  38 

12. 15 

Potash,  K.^0 

2.  22 

7.  63 

12.  20 

6.  57 

7.74 

2.75 

39. 11 

Soda,  Na^O 

0.  08 

0. 12 

0. 1!) 

1.61 

0.  65 

0.  38 

3.03 

Lime,  Cat) 

0.46 

1.22 

3.  75 

31.57 

5.  59 

1.  36 

43.  95 

Magnesia,  MgO 

0.41 

3.26 

1.01 

5. 73 

2.43 

0.80 

13.  64 

Sulpliuric  acid,  SOj 

0.26 

0.  84 

1.75 

3.  38 

0.  74 

0.28 

7.  25 

Insoluble  matter 

0. 08 

0.15 

1.14 

6.43 

0.  89 

0.  55 

9.  24 

Confining  our  attention  for  the  present  to  the  old  analyses,  it  will  be  of 
interest  to  iiupiire  as  to  the  correspondence  between  the  expected  and 
actual  results  of  the  applications.  As  already  stated,  after  examining 
the  soils  of  the  two  farms  and  inquiring  into  their  history,  we  assumed 
that  they  would  produce,  without  manures  of  any  kind,  about  50  pounds 
of  lint  per  acre.  It  will  be  seen  from  the  figures  that  they  gave  some- 
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what  better  results  than  this,  their  average  produce  of  lint  for  the  three 
years  amounting  to  74  pounds  at  the  ui)per  farm  and  96  pounds  at  the 
lower,  or  an  average  of  85  pounds  for  the  two  farms.  The  full  applica- 
tions furnished  amounts  of  the  three  constituents  sufficient,  theoreti- 
cally, to  produce  300  pounds  of  lint  per  acre.  Hence,  the  crops  should 
have  averaged  for  the  three  years  374  pounds  of  lint  at  the  upper  farm 
and  396  pounds  at  the  lower,  or  385  x)ounds  for  the  two  farms. 

It  will  be  remembered  that  mixed  nitrogen  in  stable  manures  and 
nitrate  of  soda,  and  organic  nitrogen  in  stalde  manure,  and  dried  blood, 
gave  the  best  averages.  Their  results  may  be  compared  with  the  above 
figures  as  follows : 

Pounds. 


Expected  crop 385 

Stable  manure  and  nitrate  of  soda 395 

Stable  manure 392 

Dried  blood 385 


Two  of  the  applications  actually  gave  the  expected  averages  at  both: 
farms,  and  the  third  gave  it  at  the  lower. 

It  has  already  been  observed  that  either  increasing  the  amount  of 
nitrogen  or  iiotash  by  as  mncli  as  100  iter  cent  or  decreasing  it  by  50' 
per  cent  was  Avithout  effect  upon  the  crop,  but  that  it  quickly  responded 
to  any  change  in  the  soluble  phosphoric  acid.  By  way  of  additional 
confirmation  of  this  statement,  and  in  order  to  show  the  difference 
between  the  expected  and  actual  results  of  the  several  applications  of 
commercial  fertilizers,  it  may  be  well  to  submit  a few  more  comparisons. 
Excluding,  therefore,  the  stable  manure  and  cotton  seed,  the  average 
of  the  applications  containing  the  full  doses  of  the  three  constituents 
(the  phosphoric  acid  in  soluble  form),  the  average  of  those  containing 
half  doses  of  potash  or  nitrogen  together  with  full  doses  of  the  other 
constituent  and  of  soluble  phosphoric  acid,  and  the  averages  of  those 
containing  double  doses  of  potash  or  nitrogen,  together  with  the  full 
dose  of  soluble  phosphoric  acid  and  the  full  or  double  dose  of  the  other 
constituent,  may  be  compared  as  follows: 

Pouuds. 


Expected  crop 385’ 

Average  of  full  dose  of  three  constituents 328 

Average  half  dose  of  nitrogen  or  potash 316' 

Average  of  double  doses  of  nitrogen  or  potash  or  both 289' 


It  will  be  noticed  that  the  three  averages  fell  considerably  below  the 
expected  or  theoretical  crop. 

The  average  of  the  several  applications  containing  double  doses;  of 
soluble  phosphoric  acid,  together  with  fall  doses  of  the  other  two  con- 
stituents, or  the  full  dose  of  one  and  double  dose  of  the  other,  corre- 
sponded almost  exactly,  on  the  other  hand,  with  the  theoretical  a verage, 
as  appears  from  the  following: 

Pounds. 


Expected  crop 385 

Average  of  double  dose  of  soluble  ])hosphoric  acid 386 


The  agreement  between  the  combined  averages  is  perfect. 
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It  is  known  that  fertilizers  produce  their  fall  effects  only  in  good  sea- 
sons. The  tests  showed  that  1889  was  the  most  favorable  of  tlie  three 
seasons  at  the  upper  farm,  and  1890  the  most  favorable  at  the  lower 
farm.  It  may  be  asked,  How  would  the  comparisons  of  the  actual  and 
expected  results  stand  for  those  years  It  is  noteworthy  that  the  un- 
fertilized idats  averaged  86  pounds  of  lint  per  acre  at  the  upper  farm  in 
1889,  and  the  same  number  of  pounds  at  the  lower  in  1890.  The  several 
applications  were  therefore  expected  to  show  386  pounds  of  lint  per 
acre  at  each  farm  for  the  years  named.  Comi^aring  with  this  five  of 
the  ajiplications  containing  full  doses  of  nitrogen,  phosphoric  acid,  and 
potash,  we  have : 

Average  yields  of  lint  per  acre  on  two  farms. 


Upper 
farm,  1889. 

Lower 
farm,  1890. 

Expected  crop 

Pounds. 

386 

Pounds. 

386 

Dried  blood 

366 

410 

Nitrate  of  soda 

348 

392 

Cotton-seed  meal 

352 

355 

Kaiiiit 

371 

406 

Sulphate  of  potash 

360 

375 

Whether  we  consider  the  correspondence  between  the  assumed  and 
actual  yields,  between  the  results  of  the  same  applications  at  the  two 
farms,  or  between  the  results  of  the  several  applications  at  each  form, 
the  agreement  in  the  figures  is  surprising — closer  could  not  be  expected 
in  work  of  this  kind.  In  no  case  does  i he  difference  exceed  the  prob- 
able error. 

CONCLUSIONS. 

Carefully  studied  in  all  their  bearings  the  results  of  our  tests  of  fer- 
tilizers warrant  the  following  general  conclusions: 

(1)  Cotton  requires  nitrogen,  phosphoric  acid,  and  potash. 

(2)  Of  the  three,  iihosphoric  acid  is  relatively  the  most  important 
and  controls  the  action  of  the  other  two.  It  can  be  used  alone  with 
some  advantage  to  the  crop,  but  much  more  effectively  in  connection 
with  potash  and  nitrogen. 

(3)  Nitrogen  is  relatively  more  imiiortant  than  potash.  It  can  only 
be  advantageously  used  in  combination  with  xdiosphoric  acid,  or  iihos- 
phoric  acid  and  potash. 

(4)  Potash,  like  nitrogen,  is  of  little  value  to  cotton  when  applied 
sejiarately;  it  must  be  combined  with  the  other  constituents. 

(5)  Expressed  in  terms  of  the  old  analyses  the  iiroportion  and  amounts 
of  nitrogen,  x^hosxffioric  acid,  and  xmtash  required,  are  as  follows: 

Between  one  fourth  and  one  half  nitrogen,  about  2 phosphoric  acid,  between  one 
fourth  and  two  fifths  potasli. 

Or,  stated  in  terms  of  our  later  and  corrected  analyses: 

Between  three  sevenths  and  four  sevenths  uitrogeu,  about  4^  phosphoric  acid,  be- 
tween one  third  and  oue  half  potash. 
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With  proper  alloTraiice  for  the  cost  as  well  as  the  effect  of  each  appli- 
cation, the  requirements  maybe  more  exactly  given  as  follows:  0.43 
nitrogen,  4.10  phosphoric  acid,  0.38  potash.  In  other  words,  the 
required  proportion  is,  1 nitrogen,  2J  idiosphoric  acid,  and  | potash,  and 
the  amounts  called  for  by  a crop  yielding  300  pounds  of  lint  per  acre 
are,  nitrogen  20  pounds,  phosphoric  acid  50  pounds,  and  potash  15 
pounds. 

(6)  The  amount  of  phosphoric  acid  determines  the  amount  of  nitro- 
gen and  i^otash;  with  a given  amount  of  the  first,  only  certain  amounts 
of  the  last  two  can  be  profitably  used. 

(7)  The  amount  of  j^hosphoric  acid  and  proportionate  amounts  of 
nitrogen  and  potash  can  not  be  indefinitely  increased  with  the  expecta- 
tion of  obtaining  a corresponding  increase  in  the  croj).  The  gain  in 
croi)  does  not  keep  pace  with  increase  of  fertilizers,  and  a point  is 
speedily  reached  beyond  which  this  gain  is  not  sufficient  to  meet  the 
additional  cost  of  the  heavier  applications.  The  soil  can  not  be  profit- 
ably forced;  the  application  of  fertilizers  must  be  regulated  by  its 
mechanical  as  well  as  chemical  condition. 

(8)  Potash  can  be  as  effectively  supplied  by  muriate  of  potash  or 
kainit  as  it  can  by  sulphate  of  potash.  This  is  opposed  to  the  view 
which  regards  the  chlorides  of  the  two  former  as  injurious,  and  there- 
fore holds  that  the  higher  priced  potash  of  the  latter  is  to  be  preferred. 
Since  equivalent  amounts  of  potash  in  the  three  kinds  are  of  equal 
value  to  cotton,  the  choice  of  the  farmer  must  be  determined  by  their 
relative  cost.  At  present  prices,  and  especially  when  the  matter  of 
freight  is  considered,  the  potash  of  the  muriate  is  the  cheapest. 

(9)  Phosphoric  acid  is  of  value  to  cotton  in  proportion  to  its  solubil- 
ity; hence  the  several  kinds  of  phosphatic  manures  can  not  be  indif- 
ferently employed.  Preference  must  be  given  to  acid  phosphates 
containing  considerable  percentages  of  soluble  phosphoric  acid.  In- 
soluble xdiosphoric  acid  in  slag,  floats,  or  marl  is  of  little  direct  value 
to  the  crox)  ux)on  which  it  is  applied,  and  even  granting  that  its  effects 
in  the  soil  may  be  lasting,  they  are  not,  in  the  long  run,  sufficiently 
pronounced  to  meet  the  interest  on  the  capital  invested  in  the  applica- 
tion. Sx^eculating  in  futures  is  not  a safe  business.  According  to  the 
best  agricultural  experience  of  our  day,  the  better  xdan  is  to  use  only 
such  fertilizers  as  will  meet  the  demands  of  the  crop  upon  which  they 
are  ax^plied. 

(10)  Inorganic,  organic,  and  mixed  nitrogen  are  of  very  nearly  equal 
value  to  cotton.  The  slight  difference  is  in  favor  of  the  last  two. 
Stable  manure  containing  organic  nitrogen  is  the  best  fertilizer  of  its 
class,  and  is  lasting  or  cumulative  in  its  effects.  The  organic  nitrogen 
of  stable  manure  to  the  amount  of  50  x^er  cent  can  be  fully  rex^laced  by 
the  inorganic  nitrogen  of  nitrate  of  soda. 

Of  the  commercial  forms  of  nitrogen,  among  which  the  farmer  has  to 
choose,  the  organic  nitrogen  of  dried  blood  is  perhax^s  the  best,  and  at 
present  prices  the  cheapest.  As  between  cotton  seed  meal  and  cotton 
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seed  there  is  a slight  difference  in  favor  of  the  former.  Whole  cotton 
seed  is  as  efficacious  as  ground  cotton  seed.  Inorganic  nitrogen  in 
nitrate  of  soda  is  about  as  valuable  to  cotton  as  organic  nitrogen  in 
cotton  seed  or  cotton- seed  meal. 

(11)  Used  alone  or  in  combination  with  commercial  fertilizers  the 
lime  of  marl  is  of  no  direct  value  to  cotton.  Mixed  with  acid  phosphate 
it  may  even  act  injuriously  by  retarding  or  preventing  its  solution  in 
the  soils.  Applied  upon  leguminous  crops,  such  as  cowpeas,  vetcli, 
etc.,  which  are  to  be  turned  under  as  a preparation  for  cotton,  its  indi- 
rect value  is  great. 

(12)  Applications  of  copperas  are  without  effect  upon  cotton. 

(13)  Nitrate  of  soda  should  generally  be  applied  with  the  other  fertil- 
izers at  the  time  of  idanting. 

(14)  Fertilizers  may  be  indifferent drilled  or  broadcasted  where 
they  are  liberally  applied,  but  drilling  is  to  be  preferred  where  small 
amounts  are  employed. 

(15)  The  foregoing  conclusions  of  course  apply  only  to  soils  similar 
in  character  and  condition  to  those  tested  at  our  two  farms.  Of  these 
the  lower  was  light  and  sandy;  the  upx^er  contained  a considerable  per- 
centage of  clay.  Both  were  quite  thin.  They  fairly  represented,  there- 
fore, large  and  different  classes  of  Southern  soils.  When  it  is  also 
stated  that  the  seasons  of  the  three  years  varied  greatly  and  that  the 
results  of  the  corresponding  tests  closely  agreed  at  the  two  farms,  it 
follows  that  the  conclusions  admit  of  fairly  wide  application. 

PRACTICAL  APPLICATIONS. 

It  may  be  asked  by  the  farmer.  How  can  the  required  amounts  of 
nitrogen,  iihosphoric  acid,  and  potash  be  sup])lied  1 Suppose  the  choice 
of  materials  to  be  limited — that  only  cotton  seed,  kainit,  or  stable 
manure  can  be  obtained.  The  following  tabular  statements  will  fur- 
nish useful  guidance  in  the  work  of  prei)aring  composts  or  mixing  fer- 
tilizers. The  first  gives  the  average  percentages  of  nitrogen,  phos- 
phoric acid,  and  potash  in  different  fertilizing  materials. 


Average  percentages  of  nitrogen,  phosphoric  acid,  and  potash  in  different  fertilizers. 


Fertilizer. 

Nitrogen, 

Phosphoric 

acid. 

Potash. 

Sulphate  of  ammonia - 

Per  cent. 
20.  50 
15.  75 

Per  cent. 

Per  cent. 

Nitrate  of  soda 

OriPid  Flood 

12. 00 

Cotton-seed  meal 

7.  00 

2.  75 

1.  75 

Cotton  seed 

2.50 

1.  30 

1.  20 

Stable  manure 

0.  45 

0.  25 

0.40 

nisNfilved  lt<mehla<'lc  ..  . . . 

18.  00 

Aeid  phospliate  . . 

15.  00 

Kfl.sie  slag 

21.  50 

26.  50 

Acid  plios])hate  (with  potash) j 

13.  50 

1.75 

Cotton-seed  hull  ashes I 

9 00 

22.  .50 

AV^ ood  ashes 1 

1.75 

6.00 

Muriate  of  potash ■ 

50.  00 

Sulphate  of  potash i 

37. 00 

Kainit I 

12.  00 
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The  figures  represent,  in  each  case,  the  averages  of  many  analyses. 
Suppose  it  is  wished  to  use  nitrate  of  soda.  It  contains,  according  to 
the  tabular  statement,  15|  per  cent  of  nitrogen,  and  it  will  be  found,  by 
a very  simple  calculation,  that  127  pounds  will  furnish  the  required 
dose  of  nitrogen,  20  pounds.  If  cotton-seed  meal  is  preferred,  a similar 
calculation  will  show  that  285  pounds  will  give  the  required  amount  of 
nitrogen,  and  also  7.8  pounds  of  phosphoric  acid  and  4.9  pounds  of 
potash.  According  to  the  above  i)ercentages  the  remainder  of  the 
phosphoric  acid  and  potash  required  can  be  supplied  by  281  pounds  of 
acid  phosphate  and  92  pounds  of  kainit. 

The  number  of  pounds  of  nitrogen,  ]ihosi)horic  acid,  and  potash 
required  by  a crop  of  cotton  yielding  300  pounds  of  lint  per  acre,  are 
supplied  by  each  of  the  following  formulas: 


Formulas  required  hy  cotton. 


4s(  Acid  phosphate  (with  potash) do.. 

I Cottou-seed  meal do 


Cotton-seed  hull  ashes do 


5 Acid, 
I Cottc 


r Ammoniated  acid  phosphate  with  potash,  containin' 


(equal  to  4.85  per  cent  ammonia) : 
I all  available) ; and  potash,  3 per 


phosphoric  acid, 


.pounds.. 

30 

312 

....do.... 

125 

30 

334 

....do.... 

167 

....do.... 

20 

281 

286 

10 

312 

286 

....do.... 

45 

do 

261 

286 

....do.... 

167 

261 

286 

58 

300 

70 

1 

. jtonuds. . 

20 

300 

64 

.bushels.. 

23i 

.pounds. . 

64 

273 

....do.... 

143 

.bushels.. 

13i 

.pounds.. 

45 

264 

.bushels.. 

26f 

.pounds.. 

266 

13 

2 

4 per  cent 
ut  (nearly 
.pounds.. 

600 

30 


No.  1 is  the  formula  used  in  our  tests.  The  materials  cost  about 
$4.50.  Wliere  commercial  fertilizers  are  employed  No.  2 will  give  the 
best  results.  Cost,  about  $4.25. 

When  dried  blood  can  not  be  obtained  it  can  be  replaced  by  cotton- 
seed meal,  as  iu  No.  3.  Cost,  about  $4.70. 

According  to  the  late  reports  of  State  chemists,  the  acid  phosphates 
offered  for  sale  iu  our  markets  contain,  on  the  average,  15  per  cent  of 
total  i)hosphoric  acid.  There  is,  unfortunately,  some  confusion  iu  the 
nomenclature  of  the  phosphates.  The  term  acid  phosphate  is  applied 
by  some  manufacturers  to  dissolved  phosphatic  rock  coutaiuing  small 
percentages  of  potash.  Without  the  i)otash  the  fertilizer  is  iudifl’er- 
eutly  called  dissolved  bones,  superphosphate  of  lime,  acidulated  rock, 
etc.  At  the  North  the  last  kinds  are  called  plain  superphosphates,  or 
acid  phosphates — a better  term. 

It  is  sometimes  difficult  to  get  the  plain  acid  phosphate — that  is,  an 
acid  phosphate  without  potash.  In  this  case  No.  4 should  be  used. 

In  the  neighborhood  of  the  oil  mills  cotton-seed  hull  ashes  can  often 
be  bought  at  moderate  prices  aud  may  be  advantageously  substituted, 
as  in  No.  5,  for  the  muriate  of  potash  in  No.  3.  Cost,  about  $4.75. 

When  the  wood  ashes  of  the  household  fires  are  carefully  saved,  they 
may  in  turn  replace  the  cotton-seed  hull  ashes,  as  in  No.  6,  and  reduce 
the  cost  to  $4.30. 

In  No.  7 half  the  required  amount  of  nitrogen  is  furnished  by  nitrate 
of  soda  and  half  by  stable  manure,  aud  the  potash  chiefly  by  kaiuit.  It 
will  be  remembered  that  mixed  nitrogen  gave  excellent  results.  The 
materials,  exclusive  of  the  stable  manure,  will  cost  about  $3.25. 

In  No.  8 the  potash  is  supplied  by  muriate  of  potash,  and  the  stable 
manure  is  replaced  by  cotton  seed.  The  cost,  exclusive  of  the  cotton 
seed,  is  about  $3.05. 

In  No.  9 kaiuit  replaces  the  muriate  of  potash  in  No.  8,  and  cotton- 
seed meal  the  nitrate  of  soda.  Cost,  exclusive  of  the  cotton  seed,  about 
$3.25. 

No.  10  may  be  used  when  there  is  an  abundance  of  cotton  seed. 
Excluding  the  cotton  seed,  the  other  materials  will  cost  about  $1.70. 

If,  on  the  other  hand,  the  supply  of  stable  manure  is  abundant,  No. 
11  may  be  used  with  advantage.  The  materials,  exclusive  of  the  stable 
manure,  will  cost  about  $1.70. 

If  it  is  desired  to  use  a manufactured  article,  one  containing  the  per 
centages  of  No.  12  should  be  ordered. 
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SOME  DESTRUCTIVE  POTATO  DISEASES:  WHAT  THEY  ARE  AND  HOW 

TO  PREVENT  THEM. 


LETTER  OF  TRANSMITTAL. 

U.  S.  Department  of  Agriculture, 

Division  of  Vegetable  Pathology, 

Washington,  D.  C.,  March  9,  1894. 

Sir:  I have  the  honor  to  submit  herewith  the  manuscript  of  Farmers’  Bulletin  No. 
15,  on  some  destructive  potato  diseases  and  methods  of  treating  the  same. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Division  of  Vegetable  Fathology. 

Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 


INTRODUCTION. 

Among  tlie  many  fungous  diseases  affecting  the  Irish  potato,  three 
are  especially  worthy  of  consideration,  on  account  of  the  regularity  of 
their  occurrence  in  the  United  States  and  the  widespread  losses  they 
occasion.  The  diseases  in  question  are  potato  blight  or  downy  mildew, 
the  Macrosporium  disease,  and  potato  scab.  In  the  accompanying 
pages  are  given  some  of  the  more  inqiortant  characters,  by  means  of 
which  the  several  diseases  may  be  distinguished,  together  with  brief 
directions  embodying  the  latest  information  in  regard  to  treatment. 

HOW  THE  DISEASES  MAY  BE  DISTINGUISHED. 

Potato  blight  (Phytophthora  infestans). — This  disease  attacks  the 
leaves,  stems,  and  tubers.  Generally  the  first  noticeable  effect  upon  the 
leaves  is  the  sudden  appearance  of  brownish  or  blackish  areas,  which 
soon  become  soft  and  foul-smelling.  So  sudden  is  the  appearance  of  the 
disease  in  some  cases  that  fields  Ayhich  one  day  look  green  and  healthy 
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may  within  the  next  day  or  two  become  blackened  as  though  swept  by 
fire.  The  rapid  spread  of  the  disease  is  dependent  in  large  measure 
upon  certain  conditions  of  moisture  and  heat.  A daily  mean  or  normal 
temperature  of  from  72^  to  74°  F.  for  any  considerable  time,  accom- 
panied by  moist  weather,  furnishes  the  best  conditions  for  the  spread  of 
the  disease.  On  the  other  hand,  if  the  daily  mean  or  normal  temper- 
ature exceeds  77°  for  a few  days  the  development  of  the  disease  is 
checked.  This  fact  explains  why  the  potato-blight  fungus  seldom 
occurs  to  any  serious  extent  in  sections  where  the  mean  or  normal 
daily  temperature  exceeds  for  any  length  of  time  77°.  The  tubers 


Fig.  1. — Leaf  of  potato  atfected  with  blight  {Phytophthora  iv/estang). 

aftected  with  the  disease  in  question  show  depressed,  dark-colored  spots 
on  the  surface,  while  within  are  seen  blotches  and  streaks  of  a brownish 
or  blackish  color.  Other  diseases  may  produce  similar  effects,  so  that 
in  this  case  the  changes  are  not  so  characteristic  as  those  shown  by 
the  leaves. 

The  Macrosporium  potato  disease. — From  reliable  evidence  there  is 
every  reason  to  believe  that  this  disease  is  often  more  widespread  and 
destructive  in  this  country  than  the  true  blight.  There  is  no  doubt 
that  the  two  diseases  are  often  mistaken  for  the  same  thing;  in  fact  it 
1ms  been  the  custom  for  many  years  to  attribute  nearly  all  maladies 
afiecting  the  potato  to  the  blight  fungus. 
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The  Macrosporium  disease  (fig.  2)  attacks  the  leaves  and  sometimes 
the  stems,  but  never  the  tubers.  The  disease  may  appear  at  any  time 
after  the  plants  are  from  4 to  6 inches  high.  At  first  the  older  leaves 
show  grayish  brown  spots,  the  affected  parts  becoming  hard  and  brittle. 
Tbe  disease  progresses  rather  slowly,  the  spots  gradually  becoming 
larger,  especially  along  the  edges  of  the  leaflets.  At  the  end  of  ten  days 


Fig.  2.— Leaf  of  potato  affected  with  the  Macrosporium  disease. 


or  two  weeks  half  of  the  leaf  surface  may  be  brown,  withered,  and  brittle, 
while  the  rest  is  of  a pale  yellow  color.  Three  weeks  or  a month  may 
elapse  before  all  the  leaves  succumb,  the  stems  in  the  meantime  remain- 
ing green,  until  they  finally  i)erish  through  lack  of  nourishment.  The 
tubers  stop  growing  almost  as  soon  as  the  leaves  are  attacked,  and  as 
a result  the  crop  is  practically  worthless. 


Fig.  ‘J  — Potat(»  scab. 


Potato  scab. — Within  recent  years  this  disease  has  attracted  a great 
deal  of  attention.  Its  effects  on  the  tuber  are  so  prominent  and  easily 
recognized  that  nothing  further  on  this  poiut  need  be  said  (fig.  3). 
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FUNaiCIDES  OR  PREVENTIVES  TO  BE  USED  FOR  THE  DISEASES. 

For  blight  and  the  Macrosporium  disease  nothing  so  effective  as  the 
Bordeaux  mixture  has  been  found.  This  should  be  prepared  as  follows : 
Pour  into  a 45-gallon  barrel  about  30  gallons  of  clean  water,  then  weigh 
out  G pounds  of  bluestone  or  copper  sulphate,  and  after  tying  it  in  a 
piece  of  coarse  sacking,  suspend  the  package  j ust  beneath  the  surface 
of  the  water  by  means  of  a string  tied  to  a stick  laid  across  the  top  of 
the  barrel.  In  another  suitable  vessel,  such  as  a tub  or  half  barrel, 
slack  4 xiounds  of  fresh  lime.  Slack  the  lime  carefully  by  xionring  on 
small  quantities  of  water  at  a time,  the  object  being  to  obtain  a smooth, 
creamy  liquid,  free  from  grit.  As  soon  as  the  bluestone  is  dissolved, 
which  will  require  probably  less  than  an  hour,  pour  the  lime  milk  into 
the  bluestone  solution,  stirring  constantly  to  effect  a thorough  mixing; 
add  enough  water  to  fill  the  barrel,  stir  again,  and  the  mixture  is  then 
ready  for  use. 

For  the  treatment  of  potato  scab  a solution  of  corrosive  sublimate 
has  given  the  best  results.  This  should  be  x) repared  by  dissolving 
ounces  of  corrosive  sublimate  in  about  2 gallons  of  hot  water  and  after 
an  interval  of  ten  or  twelve  hours  diluting  with  13  gallons  of  water. 

WHEN  AND  HOW  TO  APPLY  THE  FUNGICIDES. 

For  potato  blight  and  the  Macrosxiorium  disease,  apply  the  Bordeaux 
mixture,  beginning  when  the  xdants  are  about  6 inches  high,  and  con- 
tinuing at  intervals  of  twelve  or  fourteen  days,  until  five  or  six  apx^li- 
cations  in  all  have  been  made.  If  the  season  is  rainy  it  would  xirobably 
be  best  to  make  the  treatments  every  ten  days,  the  object  being  to 
keep  the  plants  at  all  times  covered  with  the  fungicide.  By  adding  4 
ounces  of  Paris  green  to  each  barrel  of  the  Bordeaux  mixture  the  treat- 
ments will  not  only  xirevent  the  diseases  under  consideration,  but  keexi 
in  check  the  Colorado  potato  beetle  and  other  insects  as  well.  Before 
adding  the  Paris  green  to  the  Bordeaux  mixture  the  former  should  be 
made  into  a thin  x^aste  by  mixing  with  a small  quantity  of  water. 

The  success  of  this  work  dexiends  in  large  measure  uxion  the  thorough- 
ness with  which  the  fungicides  are  ax^iilied.  To  reach  all  x>arts  of  the 
X)lants  above  ground  with  a fine  spray  requires  a good  force  x^nnip  and 
a suitable  nozzle.  The  knax^sack  sprayer  now  on  sale  in  nearly  every 
section  of  the  country  will  be  found  one  of  the  most  useful  machines 
for  sxiraying  fields  of  5 acres  or  less.  For  larger  x>lantations  more 
X)Owerful  machines  should  be  used.  A cheap  and  serviceable  ax)i)aratus, 
well  suited  for  this  work,  may  be  made  by  mounting  a good,  strong 
force  xiump  on  a barrel  and  then  x)lacing  the  barrel  and  mounted  x)ump 
in  a light  wagon.  The  entire  outfit,  including  barrel,  x^anq),  hose, 
nozzles,  operator,  and  boy  to  drive,  may  be  drawn  by  one  horse.  As' 
the  wagon  is  drawn  slowly  between  the  rows  the  man  in  the  wagon  may 
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operate  the  pump,  and  at  the  same  time  keep  the  mixture  stirred,  while 
two  others  on  the  ground  hold  the  nozzles  and  direct  the  si^ray  over  the 
plants.  The  nozzle  found  best  suited  to  the  work  is  the  Yermorel ; this 
is  now  offered  for  sale  by  pump  manufacturers  and  dealers  in  seeds  and 
agricultural  implements  in  various  parts  of  the  country.  Of  course 
where  there  are  only  a few  plants  to  treat  simple  devices  for  the  appli- 
cation of  the  fungicide,  such  as  syringes,  watering  cans,  and  even  old 
brooms  may  be  used.  These  makeshifts,  however,  should  be  avoided  as 
much  as  possible,  as  they  not  only  fail  to  distribute  the  mixture  uni- 
formly, but  are  wasteful. 

In  addition  to  the  line  of  treatment  suggested  care  must  be  taken  to 
avoid  the  use  of  diseased  seed,”  and  further,  the  stems  and  leaves 
killed  by  either  the  blight  or  Macrosporium  disease  should  be  mowed 
or  cut  off'  and  burned. 

Potato  scab  has  been  very  successfully  iDrevented  by  the  use  of  the 
corrosive  sublimate  solution  already  described,  very  smooth  potatoes 
having  been  grown  from  very  scabby  tubers.  The  i)otatoes  to  be  planted 
are  simply  immersed  in  the  solution  for  an  hour  and  a half,  then  spread 
out  to  dry,  cut,  and  planted  in  the  usual  manner.  A large  barrel  offers 
a convenient  receptacle  for  the  solution.  The  potatoes  may  be  placed 
in  a coarse  sack  and  suspended  in  the  liquid,  care  being  taken  to  wash 
the  tubers  before  dipping,  providing  they  are  very  dii  ty.  The  corrosive 
sublimate  is  very  poisonous,  therefore  it  must  be  used  with  great  care 
and  kept  out  of  the  reach  of  children  and  animals.  All  treated  tubers 
should  be  planted. 

COST  OF  THE  WORK. 

The  cost  of  the  work  outlined  for  potato  blight  and  the  Macrosporium 
disease  will  depend  to  a considerable  extent  upon  the  kind  of  machinery 
used  and  the  i)rice  paid  for  labor.  With  suitable  apparatus,  such  as 
has  been  described,  and  labor  estimated  at  $1.50  T)er  day,  potatoes  may 
be  sprayed  six  times  for  about  $6  per  acre.  This  estimate  is  based  upon 
experiments  extending  over  several  years,  and  includes  the  cost  of 
chemicals  as  well  as  of  labor.  The  cost  of  treating  scab  is  mainly  in  the 
labor  involved  in  dipping  and  drying  the  seed  and  seldom  exceeds  15 
cents  per  acre. 


CONCLUSIONS. 

The  three  diseases  discussed  cause  a loss  in  this  country  of  several 
million  dollars  annually.  It  is  believed  that  much  of  this  loss  may  be 
prevented  by  following  the  suggestions  made,  but  it  must  be  borne  in 
mind  that  the  treatments  are  jireventive,  not  curative.  The  importance, 
therefore,  of  beginning  the  work  in  time  can  not  be  too  strongly  urged. 
In  the  case  of  blight  and  the  Macrosporium  disease  the  question  may 
arise  as  to  the  advisability  of  going  to  the  expense  of  arranging  for  work 
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that  may  not  be  necessary  on  account  of  the  diseases  not  appearing. 
In  answer  to  such  a question  it  may  be  said  that  there  is  scarcely  a 
section  of  the  country  where  one  or  another  of  the  diseases  mentioned 
does  not  occur  every  year.  Furthermore,  it  is  a fact  well  established 
by  experiments  that,  even  if  no  diseases  whatever  appear,  spraying  with 
the  Bordeaux  mixture  will  increase  the  yield  to  such  an  extent  as  to 
make  the  work  profitable. 
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LETTER  OF  TRANSMITTAL. 


CJ.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C.,  March  30,  1894, 
Sir:  I liave  the  honor  to  transmit  herewith  for  publication  as  a 
Farmers’  Bulletin  an  article  on  the  value  and  use  of  leguminous  plants 
for  green  manuring  and  for  feediug,  prepared  under  my  direction  by 
E.  W.  Allen,  Pii.  D.,  assistant  director  of  this  Office.  Tlie  scientific 
investigations  in  this  country  and  abroad  on  the  assimilation  of  nitro- 
gen of  the  air  by  leguminous  plants  and  the  x>ractical  experiments 
with  numerous  varieties  of  these  plants  in  the  fields  and  in  the  stables 
of  experiment  stations,  as  well  as  by  progressive  farmers,  have  more 
definitely  established  the  importance  of  these  crops  in  maintaining  or 
increasing  the  fertility  of  our  agricultural  lands  and  in  providing  our 
live  stock  witli  Avell-balanced  rations.  The  resume  of  this  subject  from 
the  standpoint  of  advanced  theory  and  practice,  which  this  article 
contains,  can  in  my  judgment  be  usefully  distributed  in  all  sections  of 
our  countiy. 

Eespectfully, 

A.  C.  True, 

Director, 


Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture, 
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LEGUMINOUS  PLANTS  FOR  GREEN  MANURING  AND  FOR  FEEDING. 


GREEN  MANURING. 

Green  manuring,  or  ploViog  under  green  crops  raised  for  that  pur- 
pose, is  one  of  tLe  oldest  means  of  improving  the  fertility  of  the  soil. 
It  was  advocated  by  Eoinan  writers  more  than  two  thousand  years 
ago,  and  from  that  time  until  now  it  has  formed  a most  important 
resource  of  the  farmer,  especially  where  the  suiiply  of  barnyard  manure 
is  insufficient.  Its  advantages  are  many.  The  more  striking  are  that 
it  furnishes  the  surface  soil  with  a supply  of  the  fertilizing  materials 
needed  by  crops,  increases  the  humus,  and  improves  the  iihysical  qual- 
ities and  the  tilth  of  the  soil.  As  a humus-former  green  manuring 
stands  next  to  barnyard  manure. 

By  means  of  green  manuring,  land  which  is  practically  barren  may 
be  brought  up  to  a state  of  fertility  where  it  will  produce  profitable 
crops.  As  a single  instance  of  this  may  be  mentioned  the  experiments 
carried  on  by  the  Michigan  Experiment  Station  on  the  ‘^Jack-pine 
plains’^  of  that  State.  In  1888  experiments  were  undertaken  on  the 
light  sandy,  almost  barren,  soils  of  these  iMains.  Green  manures  were 
used  mainly,  supplemented  by  cheap  fertilizers.  In  three  years  marked 
improvement  was  evident,  not  only  in  the  physical  character  of  the  soil, 
but  also  in  the  increased  yields  of  various  crops. 

Again,  green  manuring  may  be  used  to  take  the  jilace  of  more  expen- 
sive fertilizers  and  manures  on  soils  already  under  cultivation.  It  is 
in  this  latter  use  that  it  finds  its  widest  apifiication. 

There  has  been  much  speculation  as  to  the  manner  in  which  the  crops 
commonly  used  for  green  manuring  could  gather  such  large  quantities 
of  fertilizing  materials.  It  will  be  remembered  that  the  principal  fer- 
tilizing ingredients  required  by  plants  are  nitrogen,  phosphoric  acid, 
and  potash.  These  are  each  and  all  more  or  less  essential  to  the 
healthy  growth  of  crops.  Consequently  they  are  applied  to  the  soil  in 
the  form  of  commercial  fertilizers  and  other  manures.  In  attempting 
to  explain  how  the  fertility  of  the  soil  is  maintained  by  green  manuring 
it  has  been  said  that  plants  with  long  roots,  like  clovers,  feed  deep 
down  in  the  soil  or  subsoil  on  materials  beyond  the  reach  of  surface- 
feeding plants  j and  that  when  the  tops  of  these  iilants  die  down  and  are 
mixed  with  the  surface  soil  they  enrich  it  much  the  same  as  an  appli- 
cation of  barnyard  manure.  This  is  undoubtedly  true,  but  it  fails  to 
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explain  liow  sucli  large  quantities  of  materials  can  be  obtained,  espe- 
cially when  clover  is  grown  continuously  for  a number  of  years.  The 
question  bas  finally  been  solved  by  one  of  the  most  interesting  and 
important  discoveries  yet  made  in  agricultural  science.  It  has  been 
Ibund  that  certain  plants  can  feed  upon  the  nitrogen  in  the  atmosphere 
and  store  it  up  in  their  tissues  as  they  grow.  They  take  their  phos- 
phoric acid  and  potash  from  the  soil,  but  they  obtain  their  nitrogen  very 
largely  from  the  air.  Hence  they  draw  from  the  air  a material  necessary 
to  the  growth  of  crops,  which  in  the  form  of  commercial  fertilizers,  as 
nitrate  of  soda,  ammonium  sulphate,  dried  blood,  etc.,  is  paid  for  at  the 
rate  of  from  15  to  20  cents  a iiound. 

now  PLANTS  GET  NITROGEN  FROM  THE  AIR. 

The  air  we  oreathe  is  about  four  fifths  nitrogen  and  one  fifth  oxygen. 
We  use  the  oxygen  in  breathing  but  discard  the  nitrogen.  It  has  been 
regarded  merely  as  a material  for  diluting  the  oxygen,  which  would 
otherwise  be  too  strong  for  our  use.  All  attempts  to  economically  ren- 
der this  nitrogen  of  the  air  available  for  plant  food,  by  chemical  means, 
have  been  unsuccessful.  Eecently  it  has  been  discovered  that  the  so- 
called  leguminous  plants — clovers,  peas,  beans,  lupines,  vetches,  etc. — 
can  take  up  this  nitrogen  of  the  air,  and  can  grow  without  being 
manured  with  nitrogen  if  manured  with  phosphoric  acid  and  potash. 

The  manner  in  which  this  nitrogen  assimilation  takes  place  has  been 
carefully  and  patiently  studied  by  scientists,  and  although  the  details 
are  not  fully  understood  the  primary  cause  has  been  found.  It  is 
believed  that  plants  are  enabled  to  get  this  nitrogen  through  the 
activity  of  the  lower  forms  of  life,  bacteria  or  microbes,  which  can  only 
be  seen  with  the  aid  of  a powerful  microscope.  These  organisms  live 
in  the  soil  and  are  to  be  found  where  leguminous  plants  have  been 
grown.  They  produce  or  cause  the  plant  to  produce  little  nodules,  or 
tubercles,  on  the  roots.  It  is  through  these  tubercles  that  the  plant 
gets  its  atmospheric  nitrogen.  The  air  enters  the  soil  by  the  numerous 
X)ores  or  openings  in  it,  which  are  produced  by  jilowing,  cultivating, 
and  working  the  soil,  by  the  decay  of  rootlets,  by  earthworms,  etc.  By 
just  what  physiological  iirocesses  the  nitrogen  assimilation  takes  place 
is  a question  still  in  dispute  among  scientists.  It  is  sufficient  for  iirac- 
tical  purposes  to  know  that  nitrogen  is  taken  up  from  the  air  by  the 
growing  plant,  directly  or  indirectly;  and  that  this  nitrogen  assimila- 
tion takes  place  as  a result  of  the  life  of  bacteria.  It  is  a peculiar  fact 
that  few,  if  any,  root  tubercles  are  formed  when  leguminous  plants  are 
manured  with  nitrogen;  the  plants  must  first  hunger  for  nitrogen  before 
the  tubercles  are  formed,  and  the  presence  of  tubercles  indicates  that 
the  plant  is  taking  nitrogen  from  the  air. 

Now,  curious  as  it  may  seem,  there  appear  to  be  different  forms  of 
bacteria  for  different  kinds  of  plants.  Hence  it  sometimes  becomes 
necessary  to  provide  crops  with  the  necessary  bacteria  before  they  can 
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use  the  nitrogen  of  the  air.  This  is  done  hy  applying  a light  dressing  of 
vsoil  in  which  the  kind  of  plants  it  is  wished  to  grow  have  been  j^reviously 
grown.  This  is  called  soil  inoculation.  It  is  sometimes  necessary  in 
growing  a crop  on  a i)iece  of  land  for  the  first  time  in  several  years. 
Supi)ose,  for  instance,  that  peas  which  had  been  sown  on  land  manured 
with  phosphates  and  i^otash  but  without  nitrogen  fiiiled  to  grow  luxu- 
riantly. If  the  other  conditions  were  favorable,  the  inference  would  be 
that  bacteria  of  the  right  kind  were  lacking  in  the  soil,  and  a light  dress- 
ing of  soil  in  which  peas  had  previously  been  successfully  grown  might 
be  applied.  Such  treatment  as  this  has  been  repeatedly  tried  with 
success  on  a large  scale. 

These  discoveries  throw  a new  light  on  green  manuring  and  on  the 
jdants  best  adai)ted  for  green  manuring.  They  recommend  it  more 
highly  than  ever  before  as  a soil  renovator  and  a chea|)  means  of  main- 
taining the  fertility  of  a soil.  They  show  that  while  both  leguminous 
and  non-legumiuous  plants  enrich  the  soil  alike  in  humus-forming 
materials,  in  proportion  to  the  size  of  the  crox),  they  differ  in  resx)ect  to 
the  source  of  their  nitrogenous  materials.  While  non-leguminous 
Xdants  derive  their  nitrogen  supply  almost  exclusively  from  the  soil, 
leguminous  plants  may  take  theirs  largely  from  the  air.  Conse- 
quently, if  simrry,  buckwheat,  mustard,  etc.  (non-leguminous  xdants), 
are  grown  on  the  soil  and  the  crop  i)lowed  in,  the  soil  is  not  materially 
enriched  in  nitrogen  j the  process  is  simx:)ly  returning  to  the  soil  all  the 
nitrogen  which  the  crop  took  from  it.  But  since  leguminous  plants 
may  derive  the  larger  i^roportion  of  their  nitrogen  from  without  the 
soil — that  is,  from  the  air — their  use  for  green  manuring  actually 
enriches  the  soil  in  nitrogenous  matter. 

It  will  thus  be  seen  that  by  green  manuring  with  leguminous  crops 
it  is  x>ossible  to  manure  the  soil  with  nitrogen  from  the  air,  a free  and 
inexhaustible  source,  and  thus  avoid  buying  fertilizers  containing  much 
nitrogen.  This  greatly  lessens  the  exi)ense  for  commercial  fertilizers, 
for  nitrogen  is  the  most  exx)ensive  element  the  farmer  has  to  buy.  As 
stated  above,  it  costs  from  15  to  20  cents  a x)ound,  while  i^otash  and 
phosphoric  acid  cost  only  5 to  7 cents,  or  even  less.  Although  grains, 
grasses,  corn,  cotton,  root  crops,  tobacco,  etc.,  can  not  use  the  nitrogen 
of  the  air,  green  manuring  enables  them  to  benefit  by  it  indirectly. 

SOME  CROPS  FOR  GREEN  MANURING. 

Among  the  leguminous  idants  uiore  commonly  used  for  green  manur- 
ing in  this  country  and  in  Europe  are  cowpea,  alfalfa,  clovers,  melilotus, 
serradella,  lupines,  vetch,  and  horse  beau.  Some  of  these  are  described 
below. 

COWPEA. 

The  cowpea  is  widely  used  as  a green  manure  in  the  Southern  States. 
According  to  the  Horth  Carolina  Exi^eriment  Station,  the  cowpea, 
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being  a tender  annual,  sliould  always  be  sown  in  tlie  spring.  It  will 
give  a good  yield  sown  as  late  as  July  1,  but  tlie  earlier  it  is  sown  after 
danger  of  frost  is  passed  the  heavier  the  yield.  The  i)ea  is  usually 
sown  broadcast  at  the  rate  of  2 bushels  i)er  acre  and  plowed  or  har-  * 
rowed  in.  The  cowpea  is  not  affected  by  heat,  and  is  less  sensitive  to 
drought  than  any  of  the  clovers.” 

Experiments  have  shown  that  cowpeas  respond  readily  to  applica- 
tions of  potash  and  i^hosi^hates,  and  are  able  to  derive  their  nitrogen 
very  largely  from  the  air.  Inasmuch  as  cowpeas  are  large  gatherers  of 
nitrogen,  and  also  secure  considerable  amounts  of  potash  and  i:>hos- 
phoric  acid  through  their  extensive  root  system,  which  reaches  down  to 
the  subsoil,  they  have  a high  fertilizing  value.  How  to  get  the  greatest 
benefit  from  the  fertilizing  constituents  of  cowpeas  is  one  of  the  i)roblems 
on  which  the  experiment  stations  are  working.  If  the  cowpeas  are 
plow^ed  under  in  the  fall  and  the  ground  left  bare  until  spring  a large 
share  of  the  nitrogen  will  be  leached  away.  By  sowing  wheat  or  rye 
after  the  cowpeas  are  plowed  under  iiart  of  this  loss  may  be  avoided. 
If  the  vines  are  cut  and  allowed  to  lie  on  the  ground  during  the  winter 
the  nitrogen  is  rapidly  lost.  In  an  experiment  at  the  station  in  Ala- 
bama it  was  found  that  vines  gathered  in  October  had  from  1.45  to 
2.02  per  cent  of  nitrogen,  while  if  left  on  the  ground  until  January  they 
had  only  about  0.70  per  cent,  i.  e.,  they  lost  two  thirds  of  their  most 
valuable  fertilizing  ingredient. 

^Experiments  at- the  Louisiana  vStation  show  that  1 acre  of  cow- 
peas,  yielding  3,970.38  pounds  of  organic  matter,  turned  under,  gave 
to  the  soil  64.95  pounds  of  nitrogen,  20.39  pounds  of  phosphoric  acid, 
and  110.56  i)ounds  of  imtash,  of  which  at  least  8.31  pounds  of  nitro- 
gen, 4.43  pounds  of  phosphoric  acid,  and  18.1  pounds  of  potash  were 
furnished  by  the  roots.  Analyses  made  at  the  South  Carolina  Station 
show^  that  cowpea  hay  contains  1.42  per  cent  of  potash,  0.39  i)er  cent 
of  phosphoric  acid,  and  2.71  per  cent  of  nitrogen.  Cowpea  roots  con- 
tained 1.19  per  cent  of  potash,  0.28  i)er  cent  of  phosphoric  acid,  and  0.94 
per  cent  of  nitrogen;  the  roots  and  stubble,  two  months  after  the 
crop  was  harvested,  contained  0.83  per  cent  of  potash,  0.26  per  cent 
of  phosphoric  acid,  and  1.35  per  cent  of  nitrogen.  Experiments  else- 
where showed  that  the  vines  from  a given  area  weighed  six  times  as 
much  as  the  roots,  and  were  8^  times  as  valuable  for  manure. 

Cowpeas  and  melilotus  hav^iven  good  results  as  green  manure  on 
the  canebrake  lands  of  Alabama.  Before  the  land  was  soAxed  in  meli- 
lotus and  cowpeas  it  was  not  considered  worth  cultivating.  This 
season  (1890)  it  produced  as  fine  a crop  as  the  best  lands  of  the  station 
highly  ‘fertilized.” 


ALFALFA. 

Alfalfa  or  lucern  has  long  been  cultivated  in  Europe,  and  is  grown 
quite  extensively  in  some  of  the  Western  and  Southern  States.  It 
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seems  probable  that  it  may  be  introduced  witli  advantage  into  many 
parts  of  the  Soutliern  States  east  of  tlie  Mississii)pi,  and  over  a wide 
tract  of  the  more  arid  regions  of  the  Southwest.  Under  favorable  con- 
ditions it  will  live  from  eight  to  fifteen  years,  and  does  not  run  out  as 
clover  does.  It  has  been  growm  successfully  for  seven  years  at  the 
experiment  station  at  Geneva,  Y.,  but  in  recent  experiments  on  30 
farms  in  different  j^arts  of  Termontit  was  very  largely  winterkilled. 
While  a Southern  climate  is  more  favorable  to  alfi\lfa,  numerous  ex- 
periments have  shown  that  it  will  do  well  in  many  localities  in  the 
Northern  States,  and  when  established  will  produce  from  three  to  five 
crops  each  season  for  a number  of  successive  years.  Alfalfa  is  said  to 
be  especially  adapted  to  dry  climates,  and  withstands  drought  much 
better  than  ordinary  clovers.  For  this  reason  it  is  largely  relied  on  in 
Colorado  and  California,  especially  where  irrigation  is  used. 

The  value  of  alfalfa  for  green  manuring  has  been  quite  thoroughly 
studied  by  the  New  Jersey  Experiment  Station.  Seed  was  sown  broad- 
cast at  the  rate  of  15  pounds  per  acre.  A fertilizer  containing  phos- 
phoric acid  and  potash  with  a little  nitrogen  was  applied.  It  appears 
from  these  studies  that  alfalfa  derives  nitrogen  from  some  other  source 
than  the  soil,  and  draws  i^otash  through  its  long  roots  from  the  deeper 
layers  of  the  subsoil.  In  three  years  90  pounds  of  nitrogen  per  acre 
was  applied  in  the  fertilizer,  and  the  crops  harvested  in  that  time  con- 
tained 912.8  x^ounds  of  nitrogen  i)ei  acre.  The  fertilizing  materials 
contained  in  the  erops  harvested  in  four  years  are  shown  in  the  follow- 
ing table: 

Fertilizing  ingredients  in  alfalfa  during  different  seasons. 


rounds  per  aero. 


Year. 

Nitrogen . 

riiosplioric 

acid. 

Potash. 

1880  

261.  6 

39.6 

203.5 

1887  

253.  0 

45.  7 

286.9 

1888  

299.  2 

52.  4 

292.  2 

1889  

300.  0 

63.0 

255.5 

The  average  of  the  above  table  is  304  jiounds  of  nitrogen,  50  pounds 
of  i)hosphoric  acid,  and  260  pounds  of  potash  a year.  These  amounts 
would  be  furnished  by  a dressing  of  1,900  pounds  of  nitrate  of  soda, 
500  pounds  of  muriate  of  i)otash,  and  300  pounds  of  South  Carolina 
superx)hosphate.  The  i)hosphoric  acid  and  potash  were  naturally 
derived  from  the  soil.  The  300  pounds  of  nitrogen  would  cost  in  the 
form  of  nitrate  of  soda,  at  the  present  low  price  of  15J  cents  a imnnd, 
$46.50. 

ItED  CLOVER. 

Eed  clover  has  been  cultivated  for  centuries.  It  succeeds  best  in  a 
temx)erate  climate  not  deficient  in  moisture.  In  the  central  and  eastern 
part  of  the  United  States  it  constitutes  one  of  the  most  important  hay 
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crops.  Tlioiigii  not  generally  grown  in  the  Gulf  States  it  succeeds  on 
the  strong  clay  lands  and  black  prairie  soil  of  the  South.  It  may  be 
grown  as  far  north  as  Minnesota,  but  frequently  does  not  thrive  in 
newly  settled  sections.  It  has  been  successfully  grown  all  over 
Nebraska,  where  it  is  recommended  for  early  pasture  as  well  as  for 
hay,  and  where  it  withstands  drought.  It  has  proved  valuable  in 
South  Dakota.  Most  of  the  exi)eriment  stations  give  favorable  reports 
of  this  plant.  *In  Nevada,  however,  without  water  the  growth  is  light. 

As  a green  manure  it  is  perhaps  more  extensively  used  in  the  United 
States  than  any  other  plant.  Twenty  pounds  of  seed  per  acre  is  the 
quantity  usually  recommended.  The  seed  is  frequently  adulterated 
with  weed  seed.  At  the  Mississipx)i  Station  light-colored  and  dark  seed 
germinated  alike  in  the  ground.  Glover  is  sown  broadcast.  In  cold 
climates  spring  sowing  is  customary.  The  Connecticut  Storrs  Station 
recommends  sowing  after  grain  in  the  latter  part  of  July,  in  order  to 
secure  an  early  crop  the  next  season.  In  the  South  seeding  in  Septem- 
ber or  October  and  in  February  is  successful.  In  Kentucky  seed  sown 
between  February  2 and  March  1 nearly  all  germinated. 

Studies  of  the  root  system  of  red  clover  grown  at  the  Minnesota  Sta- 
tion showed  that  the  amount  of  roots  and  the  depth  to  which  they 
penetrate  vary  greatly,  depending  on  the  character  of  the  land.  In  a 
favorable  soil  a plant  one  month  old  had  a root  extending  7 inches  into 
the  ground  5 at  two  months  old  it  had  reached  a depth  of  2 feetj  at  five 
months  its  length  was  5 feet  8 inches.  The  root  development  is  most 
extensive  on  drained  land.  The  stand  is  also  better  on  drained  than 
on  undrained  soils. 

CRIMSON  CLOVER. 

Crimson  clover,  also  called  scarlet  clover  and  Italian  or  German 
clover,  grows  from  1 to  2 feet  high,  with  flower  heads  from  to  2 
inches  long  and  of  a bright  crimson  color.  Though  not  generally 
grown  in  the  North  it  made  a growth  of  26  inches  at  the  Maine  Station. 
It  thrives  on  soil  too  light  for  other  clovers.  In  the  South  it  is  valuable 
on  non -calcareous,  sandy,  or  light  clay  soils.  It  has  been  highly  recom- 
mended for  green  manuring  and  its  value  for  that  purpose  has  been 
studied  especially  by  the  Delaware  Experiment  Station.  That  station 
reported  that  in  1891  2,310  acres  of  crimson  clover  were  grown  in  Del- 
aware, 1,277  acres  being  used  for  green  manuring.  It  is  sown  both  in 
the  oi3en  field  and  in  orchards.  The  quantity  of  seed  used  depends 
upon  the  aims  of  the  sower,  varying  between  5 and  15x)ounds  per  acre. 
It  is  also  sown  among  corn,  and  with  a broadcasting  machine  4 acres  per 
hour  can  be  seeded.  It  may  be  grown  either  as  a winter  crop,  cover- 
ing the  soil  during  September,  October,  and  November,  or  as  a summer 
crop.  As  a winter  crop  it  may  either  precede  or  follow  the  Southern 
cowpea  vine.  In  Delaware  a very  large  acreage  of  field  corn  is  sown 
to  crimson  clover  immediately  after  the  cultivation  of  the  corn  is  finished 
for  the  season. 
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Crimson  clover  is  sown  in  Delaware  tlie  latter  part  of  July  or  dur- 
ing August.  In  the  South  the  seed  may  be  sown  from  August  till 
the  middle  of  September  or  even  later  in  extreme  southern  latitudes. 
It  is  important  that  considerable  growth  should  be  made  before  win- 
ter. On  the  other  hand,  to  obtain  a good  stand,  one  must  wait  for  a 
suitable  season.  It  is  not  necessary  to  prepare  the  land  especially  for 
the  clover  crop,  but  the  seed  may  be  sown  in  fields  of  cotton,  corn,  or 
vegetables  immediately  after  the  cultivation  and  without  covering.  If 
clover  is  the  only  crop  a light  brushing  or  rolling  is  in  order.  The  seed 
may  also  be  sown  among  the  vines  of  a pea  crop.  Crimson  clover 
begins  its  growth  as  the  peas  die,  and  these  two  renovating  crops  sup- 
ply a very  large  amount  of  organic  matter  to  the  soil. 

Failure  to  secure  a stand  of  crimson  clover  is  frequent,  due  some- 
times to  the  seed  and  sometimes  to  the  season.  The  newly  germinated 
ifiants  are  easily  killed  by  a scorching  sun.  On  stubble  laud  a catch 
may  be  secured  by  harrowing  deeply  and  then  sowing  the  seed  and 
rolling  or  harrowing  lightly. 

In  Delaware  crimson  claver  can  be  cut  for  hay  or  for  silage  early  in 
May.  In  the  South  it  blooms  in  April.  A yield  of  from  1 to  2 tons  of 
excellent  hay  may  be  secured  from  very  thin  land.  The  hay  is  taken 
off  in  time  to  allow  the  use  of  the  field  for  other  summer  crops.  In 
Delaware  some  fiirmers,  Avhile  i)lowing  under  the  green  crop  in 
orchards,  turn  the  furrows  so  as  to  leave  the  heads  of  clover  above 
ground.  These  heads  bear  seed  and  thus  afford  a stand  the  next  j^ear. 
In  cutting  for  hay  in  orchards  other  farmers  leave  strips  of  uncut 
clover  along  the  rows  of  trees.  From  these  strii:)s  the  seed  is  scattered 
for  the  next  year’s  crop. 

Crimson  clover  may  follow  grain  or  grass  as  well  as  cultivated  crops. 
After  cultivated  crops  it  usually  makes  a good  catch  with  slight 
exi)ense.  Orchards  on  thin  soils  may  be  benefited  by  plowing  in 
crimson  clover  for  several  years  in  succession.  On  rich  soil  and  for 
some  crops  it  is  possible  to  incorporate  too  much  organic  matter  with 
the  soil.  Crimson  clover  leaves  the  land  in  good  condition  for  a crop 
of  cotton,  corn,  or  vegetables.  It  has  been  found  an  excellent  sub- 
stitute for  nitrate  of  soda  in  growing  sweet  potatoes  in  Delaware. 

At  the  Delaware  Experiment  Station  crimson  clover  yielded  at  the 
rate  of  13  tons  5GG  pounds  of  green  material  per  acre  (exclusive  of 
roots  and  stubble),  containing  131  pounds  of  potash,  35  pounds  of  phos- 
phoric acid,  and  115  pounds  of  nitrogen.  As  a source  of  nitrogen  for 
fruits,  field  crops,  and  vegetables  it  has  given  highly  satisfactory 
results,  in  some  cases  surpassing  nitrate  of  soda. 

The  following  illustration  of  the  result  of  using  crimson  clover  for 
green  manuring  is  from  a recent  report  of  the  Delaware  Experiment 
Station : 

Seed  of  crimson  clover  costing  $1  per  acre  was  sown  in  a corn  field  near  Newark, 
in  1891,  immediately  after  the  last  cultivation  of  the  croi^.  The  clover  passed  out 
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of  blossom  during  the  first  week  of  June,  1892.  A test  made  at  that  time  indicated 
that  the  green  crop  then  standing  Aveighed  8 tons  600  pounds  per  acre.  It  was 
2>lowed  under  on  the  5th  instant;  Mastodon  seed  corn  was  planted  on  the  7th.  An 
adjoining  jilat  upon  which  tomatoes  had  been  grown  in  1891,  and  upon  which  no 
clover  had  been  seeded  for  many  years,  Avas  also  planted  with  the  same  variety  of 
corn  on  the  7th  instant.  A portion  of  this  corn  on  the  tomato  plat  Avas  top-dressed 
with  nitrate  of  soda,  100  pounds  per  acre,  costing  $1.  The  tomato  plat  yielded 
24  bushels  of  shelled  corn  i^er  acre,  the  tomato  plat  Avith  nitrate  of  soda  yielded  30 
bushels,  and  the  plat  manured  with  crimson  cloA’er  yielded  48  bushels. 

Eight  tons  600  pounds  of  crimson  clover  from  seed  which  cost  $1  per  acre  added 
24  bushels  to  the  corn  crop.  One  dollar  invested  in  nitrate  of  soda  and  used  as  a 
to2)-dressing  added  6 bushels  to  the  corn  crop.  Hence  in  this  case  $1  iuA^ested  in 
clover  seed  returned  four  times  as  much  as  $1  invested  in  nitrate  of  soda.  As  to  the 
relative  amount  of  labor  inAmlved  the  sowing  of  the  seed  and  the  broadcasting  of 
the  nitrate  possibly  balance  each  other.  Plowing  down  a green  croj)  is  doubtless 
far  more  costly  than  ploAving  bare  ground.  This  drawback  may  reduce  the  above- 
named  api)arent  gain  by  ap2)roximately  25  per  cent. 

JAPAN  CLOVEU. 

Japan  clover  {Lespedeza  striata)  lias  been  very  successfully  grown  at 
tlie  iTortb  Carolina  Experiment  Station  and  is  strongly  recommended 
as  a renovator  of  worn  soils.  At  the  station  it  was  grown  on  a very 
poor  stiff  clay  soil  with  a light  dressing  of  phosphate.  Other  clovers, 
lucerii,  and  serradella,  did  very  poorly  on  this  soil,  but  the  Japan 
clover  presented  a most  Inxuriant  appearance  throughout  the  season. 
The  seed  is  broadcasted  at  the  rate  of  about  12  pounds  per  acre  and 
covered  with  a smoothing  harrow  or  roller.  The  seed  costs  from  12'ta 
20  cents  a pound,  and  can  be  bought  of  most  of  the  larger  seed  firms. 
The  seed  should  be  sown  in  the  spring  after  danger  of  frost  is  over, 
as  the  plant  is  very  tender.  Japan  clover  seems  to  prefer  a moist  clay 
soil,  but  does  well  on  almost  any  soil  except  pure  sand,  and  thrives 
Avithout  fertilizer  on  exhausted  soils.  Drought  checks  its  growth  for  a 
time,  but  not  seriously. 

The  I^’orth  Carolina  Station  says: 

The  ability  to  grow  ou  laud  too  x^oor  to  produce  even  broom  sedge,  and  to  croAvd 
out  all  other  jdants;  its  dyiug  each  winter  and  leaAung  its  roots  to  fertilize  the  soil; 
and  its  possessing  the  nitrogen-fixing  x^ower  peculiar  to  the  x^nlse  family  of  plants, 
Xilace  Jax^an  clover  at  the  head  of  renowating  xJants  adapted  to  the  climate  of  South- 
ern States.  It  is  unecxualed  as  a restorer  of  worn  fields,  such  as  are  generally  turned 
out  to  groAV  ux)  in  xunes. 

LUPINES. 

The  three  species  of  lupines  more  commonly  groAvn  are  the  white,  the 
yellow,  and  the  blue  lupine.  The  plants  are  bushy^  somewhat  woody, 
and  generally  too  coarse  for  good  fodder,  though  they  are  used  in  some 
countries  for  sheep.  The  seed  is  exceedingly  nitrogenous  and  in  Eurojic 
is  used  for  cattle  food.  As  it  contains  a bitter  alkaloid  injurious  to 
animals  it  must  be  disembittered  before  feeding.  Kellner’s  process 
of  disembittering  lupine  seed  consists  in  soaking  the  seed  in  water  for 
twenty-four  hours,  with  frequent  changes  of  water,  steaming  for  one 
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hour,  and  then  extracting  for  two  clays,  with  frequent  stirring.  In  the 
latter  operation  the  discolored  water  is  drawn  off  frequently  and  fresh 
water  added.  Five  pounds  daily  of  this  disembittered  lupine  seed  may 
be  fed  to  cows  per  1,000  pounds  live  weight. 

Lupines  are  much  used  in  Europe  for  green  manuriug.  They  thrive 
on  alight  sandy  soil,  make  a rapid  growth,  and  i)roduce  large  amounts 
of  organic  materials,  which  when  plowed  into  the  soil  improve  it  in 
humus  and  enrich  it  in  nitrogen.  A practice  recommended  for  bring- 
ing ui)  very  poor  soils  is  to  grow  a crop  of  lupine  manured  with  kainit, 
turn  the  crop  under,  and  follow  it  with  winter  rye  manured  with  Thomas 
slag  phosphate. 

In  order  to  derive  the  greatest  possible  advantage  from  the  green 
manuring,  the  lupines  should  be  sown  early  in  May.  By  the  first  half 
of  August,  which  is  believed  to  be  the  best  time  of  the  year  for  plow- 
ing under,  the  seed  of  the  lupine  will  be  nearly  or  quite  formed,  and 
the  crop  will  contain  the  maximum  quantity  of  nitrogenous  matter. 
Four,  or  better  six,  weeks  should  intervene  between  the  plowing  under 
of  the  lupine  and  the  sowing  of  the  rye. 

Under  such  a rotation  a i)Oor  sandy  soil  will  gradually  improve  in 
humus  until  the  change  is  perceptible  to  the  eye  in  the  darker  color  of 
the  soil,  and  there  will  likewise  be  an  increase  in  fertility. 

Ill  Europe  large  tracts  of  barren  Avaste  have  been  brought  into  con- 
dition for  profitable  cultivation  by  green  manuring  with  lupines  treated 
with  phosphates  and  potash  salts. 

COMPOSITION  OF  GREEN  LEGUMINOUS  CROPS. 


The  following  table  gives  the  average  amounts  of  water  and  fertilizing 
materials  in  100  iiounds  in  a number  of  green  leguminous  crops : 

Fertilising  ingredients  in  100 pounds  of  green  leguminous  crops.  — 


Moisture. 

Nitrogen. 

Phosphoric 

acid. 

Potassium 

oxide. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Red  clover 

80.  00 

0. 53 

0. 13 

0.46 

AVhite  clover 

81.00 

■ 0.5G 

0.  20 

0.  24 

Alsike  clover 

81.80 

0.  44 

0.11 

0.  20 

Crimson  clover 

82.  50 

0.43 

0.13 

0.49 

Alfalfa 

^ 75.  30 

0.  72 

0.13 

0.  56 

Cowpea 

78.  81 

0. 27 

0. 10 

0.31 

Scrradella 

82.  59 

0.41 

0. 14 

0.  42 

Soja  bean 

73.  20 

0. 29 

0.15 

0.  53 

Horse  bean 

74.71 

0.  68 

0.  33 

1.37 

AVhito  lupine 

85.  35 

0.  44 

0.  35 

1.73 

Yellow  lupine 

83. 15 

0.51 

0.11 

0. 15 

Flat  pea  {Lathyrus  sylvestris) 

71.60 

1.13 

0. 18 

0.  58 

Common  vetch 

84. 50 

0.  59 

1.19 

0.  70 

GREEN  MANURING  COMPARED  WITH  FEEDING  THE  CROP. 


In  spite  of  the  many  advantages  of  green  manuring,  there  are  con- 
ditions under  which  it  can  not  be  regarded  as  a rational  and  i)rofit- 
able  practice.  It  involves  the  absolute  waste  of  large  quantities  of  the 
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very  best  kind  of  fodder.  For  this  reason  green  manuring  on  good  soils 
can  only  be  recommended  when  the  conditions  of  farming  do  not  admit 
of  the  careful  i)reservation  of  manure.  The  crops  should  befed  to  animals 
[ind  the  manure  carefully  saved  and  returned  to  the  soil.  It  is  in  this 
manner  only  that  the  full  value  of  the  croi)  can  be  secured.  By  feeding 
the  crop  this  animal  food  is  saved,  and  at  the  same  time  from  three 
quarters  to  nine  tenths  of  the  fertilizing  materials  (nitrogen,  phos- 
phoric acid,  and  potash)  in  the  croj)  may  be  returned  to  the  soil  in  the 
manure,  if  this  is  properly  cared  for.  Animals  need  for  their  nutrition 
nitrogen,  fat,  and  carbohydrates  (starch,  sugar,  etc.).  The  nitrogen  in 
foods  is  in  the  form  of  i)rotein  (albuminoid  materials).  It  is  the  same 
nitrogen  which  in  green  manuring  enriches  the  soil.  These  leguminous 
crops  are  unusually  rich  in  protein — far  richer  than  most  other  coarse 
fodders.  For  instance,  while  hay  from  grasses  contains  from  6 to  8 per 
cent  of  protein,  red  clover  hay  contains  12.5  ]3er  cent,  alfalfa  hay  14.3 
per  cent,  and  cowpea  hay  1G.6  per  cent  of  protein.  If  grass  hay  and 
corn  are  fed,  such  concentrated  feeding  stuffs  as  cotton-seed  meal, 
gluten  meal,  linseed  meal,  etc.,  must  be  fed  to  make  ux)  the  sui)ply  of 
Ijrotein  needed.  If  leguminous  croi)s  are  fed,  much  less  grain  will  be 
required. 

As  nitrogen  is  the  most  expensive  fertilizing  element,  so  i^rotein 
(nitrogen)  is  also  by  far  the  most  expensive  food  element.  By  feeding 
the  leguminous  crops  instead  of  plowing  them  under  a twofold  result 
is  secured — animals  are  nourished  without  buying  expensive  grain 
feeds,  and  the  soil  is  enriched  to  very  nearly  the  same  extent  as  in 
green  manuring. 

Beyond  question  the  nitrogen  of  the  air,  which  is  obtained  without 
cost  through  the  agency  of  leguminous  plants,  is  best  utilized  in 
imx^roving  the  x^roductiveness  of  the  land  and  increasing  the  x^rofits  of 
the  farm  when  it  is  used  in  the  production  of  milk  and  meat  and 
thereby  in  the  x^i‘o4uction  of  cheax^  barnyard  manure.  What  has 
been  said  of  the  nitrogen  ax^x^li^s  also  to  the  carbohj^drates  and  fats 
which  the  plant  derives  from  the  carbonic  acid  of  the  air.  If  the 
crox^  is  fed,  the  carbohydrates  and  fat  serve  to  nourish  the  animal 
and  a portion  in  turn  x^asses  into  the  barnyard  manure,  and  when 
applied  to  the  soil  has  a favorable  effect  on  the  humus  formation. 
This  is  the  true  economy  of  material.  It  is  following  out  the  law  of 
nature.  Its  x>rofitableness  will  dex:)end  upon  the  x>rice  of  feeding  stuffs 
in  general.  The  higher  the  prevailing  iwice  of  hay  and  other  feeding 
stuffs  the  larger  will  be  the  profit  from  feeding  the  crop  rather  than 
using  it  for  green  manuring.  Let  us  consider  a few  examx^les  of  the 
value  of  a crop  for  green  manuring  and  for  feeding  on  different  kinds 
of  soils. 

SEllRADELLA  ON  MEDIUM  SANDY  SOILS. 

Take,  for  instance,  the  case  of  serradella  on  the  better  class  of  sandy 
soils.  This  plant  does  well  on  medium  light  sandy  soils.  It  may  be 
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sown  among  winter  rye  in  spring.  Under  these  conditions  it  produces 
an  unusually  luxuriant  vegetation  which  may  either  be  plowed  under 
with  good  effect  on  the  croi)  following,  or  it  may  be  pastured.  Serra- 
della  is  an  excellent  fodder  iDlant  and  may  be  fed  with  none  of  the  dan- 
ger attending  the  feeding  of  lupines.  It  may  be  fed  either  green  or  as 
hay  or  silage.  It  is  eagerly  eaten  by  all  kinds  of  farm  animals,  retains 
its  palatability  and  food  value  up  to  the  end  of  blooming,  and  has  a 
very  favorable  effect  on  the  secretion  of  milk. 

The  claim  is  frequently  made,  in  advocating  growing  serradella  for 
green  manuring,  that  it  is  an  exceedingly  cheap  means  of  securing 
nitrogen  j that  with  a small  exi)enditure  for  seed,  and  no  extra  labor 
except  that  of  sowing  the  seed,  a large  amount  of  nitrogen  is  secured 
from  the  air.  Admitting  this,  has  not  this  nitrogen,  in  the  form  in 
which  it  exists,  namely,  as  protein,  a much  higher  value  when  used 
for  feeding  animals  than  when  plowed  under*?  If  it  is  a cheap  source 
of  nitrogen  for  manuring,  is  it  not  also  a cheap  source  of  i^rotein  for 
feeding,  especially  when  three  quarters  of  the  nitrogen  in  the  crop  is 
recovered  in  the  manure? 

A German  authority  on  feeding  and  farm  management  has  calcu- 
lated the  matter  on  a financial  basis.  Assuming  an  average  crop  of 
17,G00  i)ounds  of  green  serradella,  wUicli  is  a moderate  crop,  he  finds 
the  nitrogen  in  the  crop  from  an  acre  to  be  worth  $11.0G.  This  is 
taken  as  the  value  of  the  crop  for  green  manuring,  as  the  nitrogen  is 
the  only  fertilizing  element  not  derived  from  the  soil,  and  the  barnyard 
manure  furnishes  nearly  as  much  humus  as  green  manuring. 

The  estimated  i>rofit  from  feeding  the  crop  of  17,G00  pounds  of  green 
serradella  to  milch  cows,  when  the  barnyard  manure  is  returned  to 
the  soil,  is  $23.12.  In  this  calculation  every  i)ossible  expense  attend- 
ing the  feeding  is  taken  into  account,  including  care  of  animals, 
interest  on  money,  cost  of  carting  the  barnyard  manure  to  the  land, 
etc.,  and  allowance  is  made  for  the  phosphoric  acid  and  potash  sold  in 


the  milk.  The  comparison  stands  then  as  follows: 

Profit  from  feeding  croi>  of  serradella  from  1 acre $23. 12 

Value  of  crop  of  serradella  from  1 acre  for  green  manuring 11.  06 

Difference $12. 06 


This  calculation  shovfs  the  crop  of  serradella  to  be  more  than  twice 
as  valuable  for  feeding  as -for  green  manuring. 

The  above  calculation  assumed  a daily  milk  yield  of  7J  quarts,  sold 
at  cents  per  quart.  On  the  basis  of  only  IJ  cents  per  quart  of  milk, 
the  feeding  value  would  be  $13.52,  or  still  $2.IG  higher  than  the  value 
for  green  manuring. 

GREEN  MANURING  ON  MEDIUM  RICH  SOILS. 

Green  manuring  on  medium  rich  soils  has  much  less  to  recommend 
it  than  on  sandy  soils.  Although  the  green  manuring  of  light  sandy 
soils  with  lupines  is  often  of  very  great  advantage  in  enriching  the  soil 
in  humus,  this  advantage  does  not  hold  good  in  the  case  of  better  soils. 
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There  are  other  plauts  better  adapted  thau  lupines  to  serve  as  fallow 
crops  on  these  better  soils.  Serradella  does  well,  but  as  a rule  is  not 
to  be  recommended  for  a t>rincipal  crop,  and  when  sown  with  rye,  giv- 
ing a good  yield,  it  is  often  so  choked  out  as  to  amount  to  very  little. 
But  where  it  can  be  grown  with  advantage  as  a hrst  crop  on  better 
soils  it  must  be  fed  to  be  utilized  to  the  fullest  extent,  as  pointed  out 
above. 

Peas  and  vetch  are  especially  adapted  for  fallow  crops,  and  can 
be  recommended  for  green  manuring.  But  as  they  are  also  good  fod- 
der idants,  all  that  has  been  said  above  regarding  this  subject  applies- 
to  them  with  equal  force. 

An  exi)eriment  of  interest  in  this  connection  was  made  at  the  Agri- 
cultural Institute  at  Halle,  Germany,  in  1891.  About  3 acres  of  land 
was  used  which  had  been  in  winter  wheat  in  1890  and  in  winter  rye  in 
1891.  A mixture  of  191  pounds  of  white  field  peas,  44  pounds  of  com- 
mon sand  vetch,  and  35  x)ounds  of  yellow  lupine  seed  per  acre  was  sown 
August  11.  The  crop  was  plowed  under  October  28.  A gooct  growth 
had  been  made  and  the  crop  was  fitted  either  for  green  manuring  or 
for  feeding.  The  yield  was  at  the  rate  of  8,G50  pounds  of  green  mate- 
rial per  acre.  This  contained  by  analysis  0.575  per  cent  of  nitrogen,  or 
49.74  pounds  of  nitrogen  i)er  acre,  which  at  15  cents  jjer  pound  gave  a 
value  for  the  crop  for  green  manuring  of  $7.4G  an  acre. 

In  the  spring  of  1892  white  i)earl  barley  was  sown  on  the  whole  area 
and  also  on  an  adjoining  piece  not  green  manured.  The  crops  Avere 
harvested  August  18,  with  the  following  results  per  acre: 

Yield  of  harley  per  acre  wUh  and  without  green  manuring. 


Grain. 

Chaff. 

straw. 

Plat  ^recTi  manured  witli  peas,  vetch,  and  lupine 

Bushels. 
61.38 
61. 48 

Pounds. 

366 

385 

Pounds. 
3, 260 
2,  908 

Plat  not  green  manured 

An  efiect  of  the  green  manuring  is  only  noticeable  in  the  amount  of 
straw,  which  is  larger  by  about  350  pounds  per  acre  where  the  mixture 
of  peas,  vetch,  and  lupine  had  been  plowed  in. 

The  barley  crop  from  the  green-manured  plat  contained  68.5G  i)ounds 
of  nitrogen  per  acre,  and  that  from  the  plat  not  green  manured  56.G 
pounds  of  nitrogen.  This  dilferenceof  11.9G  pounds  of  nitrogen  is  nearly 
all  accounted  for  by  the  nitrogen  contained  in  the  seed  sown  on  tlie 
green-manured  plat,  so  that  it  may  be  that  on  this  medium  rich  soil 
green  manuring  was  Avithout  any  effect  whatever  on  the  crop  immediately 
folloAving  it.  The  pea  and  vetch  plants  produced  root  tubercles,  and  it 
is  probable  that  had  the  plants  been  allowed  to  fully  dcAxlop  and  ripen 
the  effect  of  the  tubercles  Avould  haA^e  been  much  more  apparent  in  the 
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auioimt  of  nitrogen  in  the  crop  plowed  under.  But  the  richer  the  soil 
is  the  larger  the  proportion  of  nitrogen  which  will  be  taken  from  the 
soil  and  the  less  from  the  air.  This  nitrogen-gathering  appears  to  go 
on  best  in  a soil  deficient  in  available  nitrogen^  as  already  mentioned. 

The  author  estimates  the  green  forage  as  worth  $3  per  ton  for  feed- 
ing, which  would  make  the  crop  worth  $13  per  acre,  or  $5.54  more  per 
licre  than  the  estimated  value  for  green  manuring. 

GEEEN  MANURING  ON  SANDY  LOAM  SOILS. 

Compared  with  the  above  green-manuring  trial  on  medium  rich  soil, 
the  result  was  quite  difterent  in  a similar  trial  in  1891  on  a sandy  loam 
soil  poor  in  humus.  A piece  of  land  which  for  many  years  had  received 
uniform  cropiiiug  and  manuring  was  divided  into  two  plats  of  about 
one  lourth  acre  each.  Kye  had  been  grown  on  both  plats  that  season. 
On  one  plat  white  field  ijeas  were  sown  in  the  rye  stubble  August  15. 
The  other  plat  was  given  the  same  preparatory  treatment,  but  remained 
bare.  Both  plats  were  Allowed  November  2.  The  pea  vines  had  grown 
to  a height  of  15  to  18  inches,  and  a large  weighed  sa<mple  showed  that 
the  green  crop  Avas  at  the  rate  of  34  tons  per  acre,  containing  37^ 
pounds  of  nitrogen. 

March  23, 1892,  barley  was  sown  on  both  plats.  The  green-manured 
plat  received  no  other  manuring,  but  the  other  plat  received  an  amount 
of  nitrate  of  soda  furnishing  28  pounds  of  nitrogen  per  acre.  The 
barley  Avas  harvested  August  9.  The  yield  on  the  two  plats  was  prac- 
tically the  same.  The  agreement  in  iiercentage  of  nitrogen  is  equally 
striking.  The  total  nitrogen  per  acre  in  the  crop  from  the  green- 
manured  plat  was  00.34  pounds,  and  from  the  nitrate  of  soda  plat  00.12 
pounds.  The  green  manuring,  with  37.33  pounds  of  nitrogen  per  acre, 
had  given  a result  equally  as  good  in  every  way  as  an  application  of  28 
pounds  of  nitrogen  per  acre  in  the  form  of  nitrate  of  soda.  But  even 
with  this  favorable  result  there  was  no  financial  advantage  from  the 
green  manuring  as  shown  by  this  single  crop.  It  furnished  37.33  pounds 
of  nitrogen  per  acre,  which  at  15  cents  per  pound  would  be  worth  only 
$5.00,  which  would  no  more  than  pay  for  the  pea  seed  used. 

ALFALFA  AND  CRIMSON  CLOVER  FOR  FEEDING. 

Suppose  that,  instead  of  being  iilowed  under,  the  alfalfa  grown  at  the 
New  Jersey  Experiment  Station,  as  referred  to  (p.  9),  had  been  fed  to 
animals  and  the  manure  carefully  saved  and  returned  to  the  soil.  The 
total  yield  of  four  cuttings  during  the  season  of  1889  was  about  23  tons 
of  green  alfalfa  per  acre.  The  value  of  this  crop  for  fodder  at  $3  i^er 
ton  would  be  $G9  as  couqiared  with  its  value  of  $46.50  for  green  manur. 
iug,  and  it  is  fair  to  assume  that  some  $35  worth  of  nitrogen  would 
be  returned  to  the  soil  in  the  manure.  The  crop  of  13J  tons  of  crimson 
cloA^er  reported  elsewhere  (p.  11)  would  be  Avortli  about  $40  for  feeding  as 
compared  with  $17.25  for  green  manuring.  When  made  into  hay  crim- 
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son  clover  is  an  excellent  feeding  stuff  and  rivals  bran  in  comi)osition. 
Instead  of  cutting  tlie  crop  it  may  be  pastured  to  advantage. 

COWPEA  FOR  FEEDING. 

A prominent  agriculturist  in  the  South  says  of  the  cowpea: 

For  tlie  production  of  a nitrogenous  food  in  tlie  shape  of  a forage  crop  the  cowpea 
vines  are  almost  without  a rival.  * * * On  an  acre  of  ordinary  land  this  crop 

will  probably  produce  more  digestible  food  than  either  oats  or  corn.  The  manure 
resulting  from  feeding  this  crop  is  of  the  highest  value  and  should  be  carefully  pre- 
served and  returned  to  the  land. 

At  the  Ehode  Island  Experiment  Station  a crop  of  17^  tons  of  green 
cowpea  forage  was  harvested.  This  contained  157 J pounds  of  nitrogen, 
which  at  15  cents  per  pound  would  make  the  crop  worth  $23.C3  per  acre 
for  green  manuring.  At  $3  per  ton  the  17J  tons  would  be  worth  $52.50 
for  feeding  and  there  would  be  less  than  one  third  of  the  fertilizing 
ingredients  lost  in  feeding  the  crofi. 

What  has  been  said  of  the  above  crops  applies  with  equal  force  to 
other  crops  commonly  used  for  green  manuring.  The  matter  resolves 
itself  into  this,  that  on  medium  and  better  classes  of  soils  green  manur- 
ing is  not  as  profitable  as  feeding  the  crop.  When  the  crop  is  fed  the 
stubble  and  roots  are  left  to  the  soil,  and  they  together  with  the  manure 
enricb  the  soil  in  fertilizing  materials  and  in  humus  to  very  nearly  the 
same  extent  as  plowing  the  whole  crop  under.  With  the  exception  of 
perhaps  one  fourth  of  the  fertilizing  materials,  the  soil  shares  all  the 
advantages  to  be  obtained  from  green  manuring  when  the  crop  is  fed 
and  the  manure  preserved.  More  labor  is  involved  in  feeding  but  in 
return  more  milk  and  more  beef  are  made,  or  the' purchase  of  exiiensive 
grain  is  largely  avoided. 

In  a rational  system  of  farming  not  a single  iiound  of  protein  which 
can  be  used  as  food  for  stock  should  be  plowed  into  the  soil.  Of  course 
there  are  conditions  under  which  green  manuring  is  to  be  recommended 
in  I) reference  to  feeding  the  crop,  and  unfortunately  such  conditions 
prevail  at  present  over  a considerable  part  of  this  country.  Unless  the 
manure  is  carefully  collected  and  preserved  the  advantages  from  feed- 
ing disppear  to  a large  extent.  In  some  sections  of  the  country,  even 
wdiere  manures  are  at  present  necessary,  little  or  ]io  care  is  taken  of 
the  barnyard  manure.  A large  proportion  of  the  fertilizing  and  humus- 
forming ingredients  is  lost,  either  through  leaching,  surface-washing, 
or  fermeutation  and  decay.  The  farmer  who  permits  this  waste,  whether 
through  ignorance  or  carelessness,  is  sure  to  feel  the  loss  either  in 
diminished  crops  or  in  increased  bills  for  fertilizers.  The  barnyard 
manure  should  be  as  scrupulously  cared  for  as  any  other  farm  product. 
It  has  been  repeatedly  shown  in  experiments  in  the  East  in  growing 
stock  for  beef,  mutton,  and  pork  that  a very  large  proportion  of  the 
profit  was  in  the  manure.  If  the  value  of  the  manure  was  left  out  of  the 
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account  tliere  was  little  or  no  profit  from  the  operation.  If  the  manure 
was  valued  at  current  rates  for  fertilizing  materials  a fair  profit  was 
apparent 

ADVANTAGES  OF  SOILING. 

The  advantages  of  soiling,  or  feeding  animals  largely  or  wholly  on 
green  forage  crops  in  the  barn  instead  of  pasturing  them,  are  that  less 
land  is  required  to  maintain  a given  number  of  animals,  the  food  sux)- 
l)ly  can  be  better  regulated,  the  animals  do  not  waste  their  energy  in 
searching  for  food,  and  the  manure  can  all  be  saved  and  applied  to  the 
soil.  The  arguments  for  partial  soiling  are  that  the  amount  of  feed 
furnished  by  pastures  is  very  irregular,  being  usually  abundant  and  of 
good  quality  early  in  the  season,  but  falling  oft*  later  from  droughts  or 
early  frosts.  In  the  case  of  milch  cows  unless  some  supplementary 
food  is  given  at  such  times  the  milk  flow  diminishes  and  the  cows  fall 
off  in  flesh. 

Concerning  the  relative  amounts  of  food  furnished  by  iiasturing  and 
by  soiling,  the  Pennsylvania  Experiment  Station  found  in  exxieriments 
in  two  years  that  “in  round  numbers  we  can  produce  from  three  to  five 
times  as  much  digestible  food  per  acre  by  means  of  the  soiling  crops  (rye 
and  corn  or  clover  and  corn)  as  is  produced  by  pasturage  such  as  is 
represented  by  our  small  x)lat.”  The  plat  in  question  was  believed  to 
fairly  represent  the  average  pasture.  From  feeding  trials  with  the 
above  soiling  crops  and  pasture  grass  the  average  yield  of  milk  per  acre 
was  calculated  as  follows : 


Yield  of  milk  per  acre  of  land. 


]888. 

1889. 

Pounds. 

3, 41G 
928 

Pounds. 

G,  671 
1,504 

Pasturage  .......... ... 

TJiffprfiiire,  ..  ; 

2,  488 

4,167 

It  will  be  understood  that  the  above  is  partly  an  estimate,  but  it 
points  very  strongly  in  favor  of  soiling. 

Trials  at  the  station  in  Wisconsin  showed  that  “ by  soiling  in  summer 
a certain  area  of  land  will  yield  double  the  amount  of  milk  and  butter 
that  it  will  when  pastured.’^ 

The  Connecticut  Storrs  Exjieriment  Station  maintained  4 cows  from 
June  1 to  November  1 on  a little  less  than  acres  of  soiling  crops.with 
the  addition  of  a very  light  grain  and  straw  feed. 

At  the  Ontario  Agricultural  College  and  Ex]oerimental  Farm  about 
three  fourths  of  an  acre  of  soiling  croi)s  (green  clover,  green  peas,  tares, 
oats,  and  corn  fodder)  was  sufficient,  with  the  addition  of  252  iiounds 
of  wheat  bran,  for  2 cows  for  sixty-three  days.  “We  might  exi)ect, 
therefore,  to  grow  on  about  1 acre  sufficient  green  food  to  feed  a cow 
for  two  hundred  days  under  ordinary  conditions.” 
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If  soiling  is  to  be  practiced  it  is  important  to  bave  a succession  of 
green  fodders  througbout  tbe  growing  season,  with  each  in  its  best 
stage  of  growth  for  feeding.  There  should  be  no  breaks  in  the  succes- 
sion and  each  croj)  should  be  used  as  nearly  as  possible  at  the  time 
wlieii  it  contains  the  largest  amount  of  valuable  food  constituents. 

From  three  years  of  exi^erience  and  observation  in  the  practice  of 
soiling,  the  Connecticut  Storrs  Station  suggests  the  following  series  of 
crops  for  soiling  in  central  Connecticut : 

C)'02)S  for  soiling  in  central  Connecticut. 


Kind  of  fodder. 


1.  Kye  fodder 

2.  Wheat  fodder 

3.  Clover 

4.  Grass  (from  grass  lands) 

5.  Oats  and  peas  (each) 

6.  Oats  and  peas  (each) 

7.  Oats  and  peas  (each) 

8.  Hnngariau  grass 

9.  Clover  rowen  (from  3) 

10.  Soja  beans 

11.  Cowpeas 

12.  Ivowcu  grass  (from  grass  lands) 

13.  Earley  and  peas  (each) 


Amount 
of  seed 
per  acre. 


Approximate  time 
of  seeding. 


Approximate  time 
of  feeding. 


•bushels. . 

do 

.pounds.. 


21  to  3 .. 
2i  to  3 . . 
20 


Sept.  1 

Sei>t.  5-10  . 
J uly  20-30 


bushels. . 

do 

do 

do 


Apr.  10 
Apr.  20 
Apr.  30 
June  1 . 


• bushels..  1 
....do....  1 


May  25  . . . 
June  5-10. 


bushels..  2. 


Aug.  5-10 


May  10-20. 

May  20-Juue  5. 
June  5-15. 

June  1.5-25. 

June  2.5-Jul3'^  10. 
July  10-20. 

July  20- Aug.  1. 
Aug.  1-10. 

Aug.  10-20. 

Aug.  29-Sei)t  5. 
Sept.  5-20. 

Sept.  20-30. 

Oct.  1-30. 


The  growing  of  a leguminous  iilant  and  a cereal  together,  as  oats 
and  peas,  to  be  fed  as  green  forage,  has  proved  quite  poinilar  where  it 
has  been  tried.  The  experiment  stations  in  nearly  every  State  have 
tested  the  adaptability  of  various  fodder  idants,  leguminous  and  non- 
leguminous,  and  can  furnish  information  as  to  selection,  where  seed  can 
be  obtained,  etc. 

By  a judicious  selection  of  soiling  crops  not  only  can  a much  larger 
number  of  cows  be  kept  on  a given  area  of  land,  but  the  land  may  be 
brought  into  a higher  state  of  cultivation  and  fertility,  and  much  grain 
may  be  spared. 

Soiling  is  a feature  of  a more  intensive  system  of  farming,  and  finds 
more  extensive  application  as  the  value  of  the  land  increases. 

VALUE  OF  LEGUMINOUS  CROPS  FOR  FEEDING. 

Wh;^  should  the  farmer  go  on  raising  meadow  hay  as  his  main  sup- 
ply of  coarse  fodder  and  buying  grain  to  supplement  it,  when  by  grow- 
ing leguminous  crops  the  nitrogen  required  by  animals  can  be  produced 
at  tlie  lowest  cost  ? The  crops  of  red  clover,  crimson  clover,  Japan  clover 
{Lcs])ec{eza),  cowpea,  alfalfa,  soja  bean,  horse  bean,  serradella,  and  many 
others  of  this  class  far  surpass  common  hay  in  the  food  materials  thej^ 
contain,  both  pound  for  pound  and  in  yield  jjer  acre.  They  may  be 
grown  as  catch  croi)S  and  used  for  soiling  or  j)asturage,  or  they  maybe 
grown  for  making  hay  or  silage.  By  mixing  the  green  crops  wuth  corn 
and  ensiling  the  two  together  a i)alatable  and  nutritious  food  is  pro- 
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cluced  wliicliis  iniicli  riclier  in  protein  (nitrogen)  than  silage  made  from 
corn  alone. 

The  cnltivation  of  these  legiiminons  plants  involved  somewhat  more 
labor,  as  a rule,  than  raising  grass  hay,  but  it  is  believed  that  it  will 
prove  profitable  for  it  enables  the  farmer  to  raise  his  own  concentrated 
feed  at  the  same  time  that  he  raises  his  coarse  fodder.  For  instance,  a 
recent  experiment  has  indicated  that  soja-bean  meal  is  fully  equal  to 
cotton-seed  meal  for  milk  and  butter  iDroduction.  This  meal  is  one  of 
the  richest  feeding  stuffs  we  have.  It  exceeds  linseed  meal  and  gluten 
meal  in  protein  (nitrogen)  and  far  exceeds  these  and  cotton-seed  meal  in 
fiit.  It  is  only  surpassed  in  protein  by  cotton  seed  meal  and  some  of  the 
oil  cakes  little  used  in  this  country.  The  beans  can  be  thrashed  out  and 
eround  and  the  straw  fed  as  coarse  fodder.  This  straw  is  richer  in 
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food  materials  than  a good  meadow  hay.  It  contains  OJ  per  cent  of 
protein  Avhile  meadow  hay  averages  about  per  cent.  The  cowpea 
may  be  treated  in  similar  manner.  The  ground  cowpeas  are  a richly 
nitrogenous  feed,  althongh  not  as  rich  as  soja-bean  meal  5 and  the  vines 
are  nearly  or  quite  equal  to  clover  hay  and  far  surpass  grass  hay  in 
richness. 

The  following  table  shows  the  average  composition  of  hay  from  legu- 
minous crops  as  compared  with  hay  from  grasses: 


Average  composiiion  of  hag  from  grasses  and  leguminous  crops. 


Hay  from — 

Water. 

Protein. 

Carbohy- 

drates. 

Fat. 

Hod  top  ... ... ..... 

Ver  cent. 
8.  9 

Per  cent. 
7.  9 

Per  cent. 
76.0 

Per  cent. 
1.9 

Orcliarcl  grass  ..  ... ... 

9.9 

8. 1 

73.4 

2.  6 

_ __  - 

13.  2 

5.9 

74.  0 

2.5 

Tf nn trarian  grass  .... .......... ... 

7.7 

7.5 

76.7 

2. 1 

Kentucky  blue  grass 

15.  0 

8.2 

78. 1 

4.  4 

Ued  clover  ....  

15.  3 

12.  3 

62.  9 

3.  3 

tVimsoTi  p.lnvp.r  

13.4 

14.  0 

55.  6 

4. 1 

Japan  clover 

10.9 

13.  8 

63. 1 

3.7 

Alsike  clover 

9.7 

12.  8 

66.  3 

2.9 

W^hite  clover 

9.  7 

15.  7 

63.4 

2.  9 

Alfalfa 

8.4 

14.3 

67.7 

2.2 

I Inwpoa.  - ...... 

10.  7 

16.  6 

62.  3 

2.9 

Seiradella 

9.2 

15.2 

65.7 

,2.  6 

Vetch 

8.4 

14.  5 

67.  8 

2. 1 

Sojii  bean 

6.3 

14.5 

66.6 

5.6 

Averai^e  for  grasses 

10.  94 

7.52 

14.37 

75.  64 

2.  70 

A.verage  for  leguminous  plants 

10.  20 

64. 14 

3.  23 

It  may  be  said  in  general  that  100  pounds  of  hay  from  leguminous 
crops  contains  about  twice  as  much  x>rotein  as  100  pounds  of  hay  from 
grasses.  The  leguminous  hay  may  be  safely  estimated  as  worth  from 
one  fourth  to  one  third  more  for  feeding  than  common  hay.  This  is 
true  in  spite  of  the  fact  that  it  does  not  usually  command  a higher 
price  in  the  markets,  owing  to  certain  prejudices  against  its  use. 

Assuming  that  the  common  grasses  yield  2 tons  of  hay  to  the  acre, 
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and  clovers,  etc.,  3 tons  of  hay,  the  amounts  of  food  materials  and  fer- 
tilizing materials  in  the  crops  are  approximately  as  follows: 

Relative  yield  of  food  and  feriiliziny  materials  in  crops  of  hay  from  yrasses  and  from 

leguminous  crops. 


Hay  from— 

Assumed 
yield 
per  acre. 

Food  materials  in 
aero. 

crop  per 

Fertilizing  materials  in  crop 
l)er  acre. 

Protein. 

Carbo- 

hydrates. 

Fat. 

Nitrogen. 

Pho.sp!ioric 

acid. 

Potash. 

Tons. 

Pounds. 

Pounds. 

Pounds. 

Pounds, 

Pounds. 

Pounds. 

Red  top 

2 

158 

1,620 

38 

23.0 

7.2 

20.4 

Timotliv 

2 

118 

1,480 

50 

25.2 

10.6 

18.0 

lied  clover 

3 

3G9 

1,887 

99 

62.1 

11.4 

66.0 

Alfalfa 

3 

429 

2,  031 

66 

65.7 

15.3 

50.4 

Cowpea 

3 

498 

1,869 

87 

58.5 

15.6 

44.1 

Soja  bean 

3 

435 

1,998 

168 

69.6 

20.1 

32.4 

The  amount  of  hay  produced  on  different  farms  varies  so  widely  that 
it  is  difficult  to  strike  an  average,  especially  for  the  leguminous  crops. 
It  will  be  seen  that  on  the  above  basis,  which  is  believed  to  be  a fair 
one,  the  leguminous  crops  furnish  from  two  to  four  times  as  much  pro- 
tein per  acre  as  common  grasses,  together  with  much  more  fat  and 
rather  more  carbohydrates.  They  also  contain  nearly  three  times  as 
much  nitrogen  and  about  twice  as  much  iiotash.  It  should  be  remem- 
bered that  under  favorable  conditions  they  may  draw  a large  propor- 
tion of  this  nitrogen  from  the  air,  instead  of  depleting  the  soil,nnd  that 
their  long  roots  enable  them  to  feed  upon  the  potash  deep  down  in  the 
soil  beyond  the  reach  of  surface-feeding  plants. 

SUMMARY. 

(1)  Green  manuring  improves  the  physical  properties  of  the  soil  by 
making  the  soil  more  porous  and  adding  to  its  supply  of  humus.  It 
brings  up  the  dormant  plant  food  from  deep  down  in  the  soil  and 
deposits  it  near  the  surface,  where  it  can  be  used  by  plants  feeding  near 
the  surface. 

(2)  Green  manuring  with  buckwheat,  Hungarian  grass,  and  other 
non -leguminous  plants  adds  practically  nothing  to  the  soil  which  was 
not  there  before,  except  a mass  of  vegetable  matter  which  decays  and 
goes  to  form  humus. 

(3)  Green  manuring  with  clovers,  peas,  beans,  lupines,  etc.  (legumi- 
nous crops),  actually  enriches  the  soil  in  nitrogen  drawn  from  the  air. 
These  plants  can  grow  with  very  little  soil  nitrogen.  They  store  up 
the  nitrogen  of  the  air  as  they  grow,  and  when  i)lowed  under  give  it 
up  to  the  soil  and  to  future  crops.  It  is  the  cheapest  means  of  manur- 
ing the  soil  with  nitrogen. 

(4)  But  animals,  as  well  as  plants,  require  nitrogen  for  food.  By 
feeding  the  crops  of  clover,  cowpea,  etc.,  only  about  one  fourth  of  the 
fertilizing  materials  of  the  crop  is  lost  if  the  manure  is  properly  cared 
for.  As  the  nitrogen  of  the  air  is  the  cheapest  source  of  nitrogen  for 
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plants,  so  it  is  the  cheapest  source  of  protein  (nitrogen)  for  animals. 
The  leguminous  crop  is  best  utilized  when  it  is  fed  out  on  the  farm 
and  the  manure  saved  and  applied  to  the  soil.  The  greatest  profit  is 
thus  secured  and  nearly  the  same  fertility  is  maintained  as  in  green 
manuring. 

(5)  For  renovating  worn  or  barren  soils,  and  for  maintaining  the 
fertility  where  the  barnyard  manure  is  not  proi)erly  cared  for,  green 
manuring  with  such  leguminous  crops  as  cowpea,  clovers,  and  lupines 
is  recommended.  A dressing  of  potash  and  i^hosphates  will  usually 
be  sufficient  for  the  green  manuring  crop. 

(6)  The  practice  of  green  manuring  on  medium  and  better  classes  of 
soils  is  irrational  and  wasteful.  The  farmer  should  mend  his  system 
so  that  the  barnyard  manure  will  be  as  well  cared  for  as  any  other 
farm  i^roduct.  Loss  from  surface  washing,  leaching,  fermentation,  and 
decay  should  be  guarded  against.  Then  the  feeding  of  richer  food  will 
mean  richer  manure  and  better  and  cheaper  crops. 

(7)  The  system  of  soiling,  or  feeding- green  crops  in  the  barn  in  place 
of  pasturage,  enables  a larger  number  of  animals  to  be  kept  on  a given 
area  of  land,  and  the  manure  to  be  more  comidetely  saved.  For  this 
purpose  leguminous  crops  are  extremely  valuable. 

(8)  Hay  from  leguminous  crops  is  about  twice  as  rich  in  protein  as 
hay  from  grasses.  In  the  one  case  this  imotein  (nitrogen)  is  obtained 
very  largely  from  the  atmosphere 5 in  the  other  it  is  all  drawn  from  the 
fertility  of  the  soil.  Leguminous  crops  yield  larger  crops  of  hay  to  the 
acre  than  grasses.  Hence  the  production  of  food  materials  on  an  acre, 
especially  protein,  is  several  times  larger  with  leguminous  crops. 

(9)  If  allowed  to  ripen,  the  seed  of  the  cowpea  and  soja  bean  furnishes 
an  extremely  rich  concentrated  feed  which  can  be  ground  and  fed  in 
place  of  expensive  commercial  feeds.  The  straw  remaining  may  be  fed 
as  coarse  fodder,  for  it  is  richer  than  ordinary  hay. 

(10)  Grow  more  leguminous  crops.  They  furnish  the  cheapest  food 
for  stock  and  the  cheapest  manure  for  the  soil.  They  do  this  because 
they  obtain  from  the  air  a substance  necessary  for  plants  and  animals 
alike,  which  costs  in  the  form  of  fertilizers  and  feeding  stuffs  from  15 
to  25  cents  a pound. 
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LETTER  OF  TRANSMITTAL. 


U.  8.  DbPARTMKNT  of  ACfRlOULTUIlK, 

Division  of  Vegetable  Pathology, 

WaHhimjtonj  i>.  (7.,  May  77,  1894. 

Sir:  I have  the  honor  to  traiusinit  lierewith  Farmers’  Bulletin  No. 
17,  on  peach  yellows  and  peach  rosette,  prepared  under  my  direction 
by  Erwin  F.  Smith,  special  agent  of  this  Division.  While  the  bulletin 
contains  no  new  facts  of  importance,  it  brings  together  in  convenient 
form  the  more  important  information  on  these  subjects.  This,  in  my 
judgment,  is  desirable,  first,  because  the  diseases  are  attracting  wide- 
spread interest,  and,  second,  for  the  reason  that  the  bulletins  heretofore 
published  by  the  Division  on  these  diseases  have  been  more  or  less 
special  in  their  nature  and  have  been  issued  in  such  small  editions  as 
to  be  available  to  but  comparatively  few  fruit  growers. 

Eespectfully, 

B.  T.  Galloway, 

Chief  of  Dwisio7i. 


Hon.  J.  Sterling  Morton, 

8)ec7'etary  of  Ayriculture. 
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PEACH  YELLOWS  AND  PEACH  ROSETTE. 


PEACH  YELLOWS. 

Yellows  is  a disease  peculiar  to  peaches  and  some  closely  allied  fruits. 
It  has  been  known  for  a long  time  in  nectarines,  almonds,  and  apricots, 
and  has  been  observed  recently  in  Japanese  plums,  but  to  what  extent 
the  latter  are  susceptible  is  not  yet  known.  Other  varieties  of  plums  and 
other  stone  fruits  appear  to  be  exempt.  The  peach  is  the  only  suscep- 
tible fruit  cultivated  on  a large  scale  in  the  region  now  subject  to  yel- 
lows, and  for  this  reason  what  is  said  in  the  following  pages  will  relate 
exclusively  to  this  fruit. 


DISTRIBUTION. 

Peach  yellows  is  widely  distributed  in  the  eastern  JJni ted  States,  as 
may  be  seen  on  the  accompanying  map,  and  there  is  no  doubt  that  the 
extent  of  infected  territory  is  increasing  every  year,  although  rather 
slowly. 


PEACH  YELLOWS.^  PEACH  ROSETTE  . 


Fig.  1. —Approximate  distribution  of  yellows  and  rosette.  The  interrogations  denote  that  the  exact 
limits  of  the  disease  are  unknown. 
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The  disease  is  more  prevalent  in  some  parts  of  the  designated  area 
than  in  others,  but  the  localities  most  severely  affected  are  the  very 
ones  most  favorable  to  the  growth  of  the  peach  and  most  extensively 
planted  to  commercial  orchards.  In  recent  years  sporadic  cases  have 
been  reported  from  several  places  outside  of  the  limits  assigned  on 
the  map,  e.  g.,  middle  Georgia,  southeastern  Iowa,  western  Arkansas, 
and  northern  Texas.  No  specimens  showing  the  disease  have  been 
received  from  these  States,  but  statements  from  western  Arkansas  are 
quite  explicit  and  leave  little  room  for  doubt  that  the  disease  occurs  to 
a considerable  extent  in  that  locality.  In  the  last  decade  this  disease 
has  been  very  destructive  in  Connecticut,  New  Jersey,  New  York, 
Pennsylvania,  Delaware,  Maryland,  Virginia,  Indiana,  Illinois,  Ohio, 
and  Michigan,  in  places  where  formerly  it  was  not  regarded  as  serious. 

In  this  connection  it  is  interesting  to  note  that  generally  ten  or  fifteen 
years  suffice  for  the  destruction  of  the  orchards  after  the  disease 


Fig.  2.— a premature  peach. 


is  once  well  established,  but  that  sometimes  quite  a long  period  inter- 
venes between  the  discovery  of  the  first  scattered  cases  and  that 
general  appearance  of  the  disease  in  most  or  all  of  the  orchards  of  a 
region  whitfii  is  here  meant  by  the  expression  well  established.”  The 
general  movement  of  the  disease  on  the  Delaware  and  Chesapeake 
Peninsula  and  on  the  mainland  of  A'irginia  has  been  southward;  in 
Michigan  it  has  been  north  and  east;  and  in  New  York,  northwest. 

In  a number  of  localities  the  first  cases  have  certainly  appeared  in 
young  orchards  obtained  from  infected  districts,  and  there  is  reason  to 
believe  that  in  all  isolated  ])each  regions  the  first  cases  will  occur  in 
young  trees  that  have  been  received  from  })laces  alreadj^  subject  to  the 
disease.  Finally,  so  far  as  known,  this  disease  has  never  entirelj^ 
disappeared  from  any  loe.ality  where  it  has  once  become  well  estab- 
lished. 
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DISTmaiTTSHlNa  CIIAKACTERf^. 

Prematurely  ripe,  reel-spotted  fruits,  and  i^remature  unfolding  of  the 
leaf  buds  into  slender,  ^lale  shoots,  or  into  branched,  broom-like  growths, 
are  the  most  characteristic  symi)toms  of  yellows.  The  time  of  ripening 
of  premature  fruits  varies  within  wide  limits  5 sometimes  it  iwecedes 
the  normal  ripening  by  only  a few  days  and  at  other  times  by  several 
weeks.  The  red  spots  occur  in  the  flesh  as  well  as  on  the  skin,  making 
the  peach  more  highly  colored  than  is  natural.  The  taste  of  the  fruit 
is  generally  inferior  and  often  insipid,  mawkish,  or  bitter.  Often  this 


premature  ripening  is  the  first  symptom  of  yellows.  The  peaclies  are 
then  of  good  size  and  quite  showy,  and  occur  on  trees  in  full  vigor, 
upon  limbs  bearing  abundant  green  foliage  and  sometimes  also  other 
fruits  which  afterwards  ripen  normally. 

Often  during  the  first  year  of  the  disease  this  kind  of  fruit  is 
restricted  to  particular  limbs  or  even  to  single  twigs,  which,  however, 
do  not  differ  in  appearance  from  other  limbs  of  the  tree.  The  follow- 
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ing  year  a larger  part  of  tlie  tree  becomes  affected  and  finally  the 
whole  of  it,  the  parts  first  attacked  now  showing  additional  symptoms, 
if  they  have  not  already  done  so.  These  symptoms  are  the  develop- 
ment of  the  winter  buds  out  of  their  proper  season.  Like  the  prema- 
tiiring  of  the  fruit,  the  date  of  this  also  varies  within  wide  limits.  The 
buds  may  push  into  shoots  only  a few  days  in  advance  of  the  proper 
time  in  the  spring,  or  may  begin  to  grow  in  early  summer  soon  after 
they  are  formed  and  while  the  leaves  on  the  parent  stem  are  still 
bright  green.  This  is  a very  common  and  characteristic  symptom  and 
is  especially  noticeable  in  autumn  when  the  normal  foliage  has  fallen 
(fig.  3 a).  Usually  under  the  influence  of  this  disease  feeble  shoots  also 
appear  in  considerable  numbers  on  the  trunk  and  main  limbs.  These 
arise  from  old  resting  buds,  which  are  buried  deep  in  the  bark  and 
wood  and  remain  dormant  in  healthy  trees.  Such  shoots  are  sometimes 
unbranched  and  nearly  colorless,  but  the  majority  are  green  and  repeat- 
edly branched,  making  a sort  of  broom-like,  erect,  pale-green,  slender 
growth,  filling  the  ijiterior  of  the  tree  (fig.  4). 


Such  is  the  general  course  of  the  disease,  but  there  is  no  invariable 
rule  as  to  its  development,  the  unnatural  shoots  frequently  appearing 
early  in  its  progress  and  often  attracting  more  attention  than  the  i)re- 
mature  fruit,  especially  if  abundant  or  associated  with  a yellowing  ol’ 
the  foliage.  Following  these  first  symptoms,  which  generally  occur  in 
green  and  vigorous  trees,  there  is  in  siiccessiveseasons  a gradual  stunt- 
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ingof  the  tree  and  yellowing*  or  reddening  of  the  foliage.  This  discolo- 
ration of  the  leaves  is  noticeable  at  a distance  and  is  undoubtedly 
responsible  for  the  common  name.  During  these  years  the  original 
sym})toms  continue,  the  tree  becoming  more  and  more  feeble  until  it 
finally  dies,  the  parts  first  afi'ected  dying  first.  The  jmogress  of  the 
disease  is  slow,  an  affected  tree  usually  living  from  three  to  five  years. 
The  usual  appearance  of  such  a tree  the  fourth  year  is  shown  in  fig.  4, 
the  only  living  branches  being  a few  broom-like  growths  arising  from 
the  main  limbs. 

now  SPREAD. 

When  the  disease  appears  in  young  trees,  and  particularly  in  a region 
previously  free  from  yellows,  there  is  good  reason  for  suspecting  the 
nursery,  it  having  been  established  by  repeated  experiments  that  the 
disease  may  remain  dormant  lor  some  time  in  buds  cut  from  affected 
trees  and  afterwards  appear  in  the  trees  grown  from  such  buds.  Fig. 

is  an  illustration  of  this.  The  bud  from  which  this  shoot  origi- 
nated was  cut  in  July  from  a very  robust,  thrifty  watershoot  on  a 
healthy-looking  branch  of  an  affected  tree.  Nothing  could  exceed 
the  vigor  and  beauty  of  this  watershoot,  and  yet  its  buds  contained 
the  virus  of  the  disease,  which  late  the  same  season  induced  many 
of  the  winter  buds  of  the  daughter  shoots  to  grow  as  here  shown, 
although  the  original  buds  were  set  into  healthy  and  vigorous  seed- 
lings, which  had  tops  of  their  own.  Of  course  all  of  these  buds 
would  have  remained  dormant  until  the  following  spring  if  the  shoot 
had  been  derived  from  a healthy  bud.  Just  how  long  the  disease 
may  remain  in  nursery  trees  without  showing  symptoms  is  unknown. 
In  badly  affected  regions,  where  the  likelihood  of  getting  diseased 
buds  is  greatest,  it  is  not  uncommon  to  find  affected  trees  in  the 
nursery  rows  the  following  season,  and  experience  and  experiment 
leave  no  room  for  doubt  that  others  showing  no  symptoms  will  develop 
them  afterwards  when  set  in  orchards.  The  disease  is  also  readily 
transmissible  to  healthy  stocks,  and  can  be  made  to  finally  destroy  all 
parts  of  a healthy  tree  by  the  insertion  of  a diseased  bud.  The  disease 
first  appears  in  that  part  of  the  stock  next  to  the  inserted  bud  and 
subsequently  in  remoter  ])arts.  Flow  soon  the  stock  becomes  affected 
depends  in  great  measure  on  the  (character  of  the  inserted  bud.  If 
this  be  taken  from  a plainly  diseased  shoot  the  symptoms  appear  in  the 
stock  sooner  than  if  the  bud  is  taken  from  such  a vigorous  shoot  as 
that  mentioned  above.  In  either  case  the  progress  of  the  disease  is 
slow.  So  far  as  yet  known  this  transmission  of  the  disease  from  bud 
to  stock  can  take  place  only  when  there  is  a union  of  tissues,  mere  con- 
tact, even  when  close  and  prolongcHl,  not  transmitting  the  disease.  Fig. 
oc  shows  a stock  shoot  (seedling)  to  which  the  disease  was  transmitted 
by  an  inserted  bud.  Under  favorable  conditions  such  a seedling  lived 
nearly  five  years  after  the  insertion  of  the  diseased  bud,  but  never 
made  much  growth. 
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That  yellows  is  also  transmitted  in  some  other  way  must  be  ap- 
parent to  any  one  who  has  studied  the  disease  at  all  carefull^^  In 
badly  affected  districts  the  disease  makes  a clean  sweep  and  it  is 
impossible  to  believe  that  all  or  even  a majority  of  these  trees  brought 
the  disease  with  them  from  the  nursery.  The  well-established  fact  that 
trees  with  the  soundest  constitutions  readily  take  the  disease,  proves 
that  in  such  cases  the  cause  of  the  disease  must  exist  in  the  locality. 
Now  if  the  disease  is  not  induced  iji  such  trees  by  unfavorable  local 
conditions  of  soil  and  climate,  both  of  which  explanations  seem  to  have 
been  ruled  out  by  observation  and  experiment,  then  the  only  reason- 
able supposition  is  that  they  contract  the  disease  from  neighboring 
trees  already  subject  to  it.  This  inference  rests  on  the  fact  that  diseased 
trees  are  known  to  be  full  of  a virus  readily  communicated  to  other 
trees  by  budding,  and  upon  a great  number  of  observations  on  the 
behavior  of  the  disease  in  many  badly  affected  localities. 

By  vSome  the  transmission  of  the  disease  has  been  attributed  to  the 
})runing  knife,  by  others  to  diseased  pollen.  All  that  is  deffnitely 
known  is  that  the  disease  is  communicable  by  bud  inoculation;  that 
trees  with  the  soundest  constitutions  are  subject  to  it;  and  that  it 
behaves  like  on  infectious  disease,  its  lirst  scattered  appearance  in  a 
locality  l)eing  followed  after  a longer  or  shorter  interval  by  the  occur- 
rence of  cases  in  many  orchards,  and  this  stage  by  the  rapid  destruc- 
tion of  the  orchards. 

There  has  been  much  speculation  respecting  the  nature  of  this 
disease,  inasmuch  as  climate  and  soil  do  not  seem  able  to  originate  a 
plainly  communicable  malady,  and  no  fungi,  bacteria,  or  animal  para- 
sites have  been  identitted  as  the  cause.  No  fungus  has  been  found 
associated  with  it  constantly,  and  it  is  almost  certainly  not  a bacterial 
disease,  statements  to  the  contrary  resting  ui)on  evidence  no  careful 
mycologist  or  bacteriologist  would  for  a moment  be  willing  to  accept. 

At  present  peach  yellows  seems  nearest  allied  to  that  phenomenon  in 
plants  known  as  variegation.  It  is  now  recognized  that  variegation  in 
many  plants  (panachure)  is  a disease  manifesting  itself  in  stunted 
growth,  imj^erfect  assimilation,  hastened  development,  and  feeble 
vitality.*  Moreover,  in  a number  of  variegated  plants,  e.  g.,  jasmines 
and  abutilons,  this  condition  is  transmissible  to  healthy  stocks  by 
budding  or  grafting,  in  the  same  way  as  peach  yellows.  The  difference 
in  these  cases  appears  to  be  one  of  degree  rather  than  of  kind. 

PRKVENTrVE  MEASURES. 

With  our  present  knowledge  the  cure  of  i)each  yellows  a])])ears  to  be 
impossible.  Many  reported  cures  have  been  investigated  and  found 
without  merit.  The  claims  made  in  behalf  of  some  of  these  were 

* There  is  also,  as  in  yellows,  an  abnormal  ratio  of  the  ash  constituents,  ])Ota8h 
and  phosphoric  acid  hein^'  in  excess  ami  lime  delicient. 
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manifestly  with  intent  to  deceive;  in  other  cases  they  Avere  made  in 
ignorance  of  the  symptoms  of  the  disease  and  of  wliat  constitutes  a 
cure,  and  generally  by  people  not  familiar  with  ])each-growing.  Faith- 
ful trial  has  been  made  of  various  fertilizers  containing  important 
plant  foods.  With  some  of  these,  especially  caustic  lime  and  fertili- 
zers containing  nitrogen,  it  has  been  i)0ssible  to  make  diseased  trees 
put  on  a greener  and  more  vigorous  groAvth,  sometimes  mistaken  for 
recovery,  but  all  such  trees  have  continued  to  show  symptoms  of  the 
disease  and  have  soon  relajAsed  into  feeble  growth. 

So  far,  therefore,  as  we  now  know  the  only  thing  which  can  be  done 
is  to  cut  out  and  destroy  all  trees  as  soon  as  any  of  the  signs  described 
on  a previous  page  have  made  their  appearance.  It  is  best  to  burn 
the  diseased  trees,  roots  and  all,  if  possible. 

In  confirmation  of  this  belief  in  axe  and  fire,  we  have  the  experience 
of  the  Michigan  ])each  growers.  In  some  localities,  notably  at  South 
Haven,  they  have  been  fighting  the  disease  in  this  Avay  for  the  last 
twenty  years,  and  though  the  extermination  of  afiected  trees  has  not 
been  complete  the  results  have  been  of  such  a nature  as  to  lead  the 
groAvers  to  believe  that  this  annual  Aveeding  out  has  saved  the  orchards. 
Of  several  facts  there  can  be  no  doubt,  and  it  is  difficult  to  draw  from 
them  other  than  one  inference.  First,  this  disease  ai)peared  at  South 
Haven  as  long  ago  as  18()9  in  a feAV  trees  of  a single  jAeach  orchard, 
becoming  generally  disseminated  Avithin  five  years  and  so  destructive 
as  to  seilously  threaten  the  prosperity  of  the  lAeach  gro Avers.  Second, 
the  disease  has  not  given  serious  trouble  since  the  growers  first  began 
to  wage  their  war  of  extermination,  tlie  extent  of  the  orchards  to-day 
being  greater  than  formerly  and  their  health  and  productiveness  unim- 
paired. Third,  there  have  been  cases  of  yellows  in  this  region  every 
year  since  its  first  ap[)earance,  and  the  diminished  lArevalence  is  not 
easily  attributable  to  other  agencies,  because  in  neighboring  localities, 
wliere  no  eftbrt  has  been  made  to  stay  its  progress,  the  disease  has 
prevailed  extensively  during  this  i)eriod,  even  to  the  destruction  of  all 
the  orchards  and  the  abandonment  of  peach  culture  in  some  regions. 
Even  at  South  Haven  there  is  evidence  that  a few  years  of  general 
neglect  would  result  disastrously,  one  or  two  men  in  recent  years  having 
neglected  or  refused  to  destroy  afiected  trees,  and  the  orchards  imme- 
diately surrounding  these  having  subsequently  shoAvn  a larger  number 
of  cases  than  those  in  other  parts  of  the  district. 

At  South  Haven  and  other  places  where  the  law  is  maintained  it  is 
customary  to  keep  the  orchards  full  by  planting  young  trees  in  place 
of  those  removed.  There  are  many  such  trees  now  in  bearing  and  en- 
tirely healthy,  although  set  in  the  very  places  occupied  by  diseased 
trees,  and  only  a feAv  months  after  their  removal.  Such replants’^ 
sometimes  develop  yellows,  but  from  an  experience  of  many  years  the 
growers  have  learned  that  the  disease  does  not  show  any  decided 
preference  for  such  trees.  They  are  not  immediately  attacked  and  are 
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not  more  subject  to  it  tlian  otliers.  At  St.  Joseph,  Mich.,  where  yel- 
lows appeared  iu  186G,  and  all  of  the  orchards  were  finally  destroyed, 
many  new  orchards  cover  the  old  fields.  These  have  been  planted 
during  the  last  ten  years  and  many  are  now  in  bearing.  Nearly  all  of 
these  trees  are  healthy  and  the  cases  of  yellows  that  have  appeared  in 
the  last  few  years  are  apparently  attributable  to  neglect  of  destroying 
old  cases  rather  than  to  any  inability  of  the  soil  to  bear  healthy  trees. 
It  must  be  said,  however,  that  there  has  not  been  here  that  general  in- 
terest in  the  subject  which  is  manifest  at  South  Haven.  There  have 
been  a few  cases  of  yellows  in  a good  many  orchards,  and  there  is  every 
reason  to  thiidv  that  history  will  soon  rei)eat  itself  in  Berrien  County 
unless  the  law  is  rigidly  enforced. 

As  was  pointed  out  some  years  ago,  the  chief  defects  of  the  Michigan 
law  are,  (1)  the  inadequate  compensation  given  to  the  commissioners, 
not  enough  to  be  certain  of  commanding  the  services  of  well-qualified 
men;  and  (2)  the  want  of  a general  superintendent  who  shall  see  that 
records  are  kept  and  be  responsible  for  the  enforcement  of  the  law  iu 
all  parts  of  the  State.  Both  of  these  defects  are  remedied  in  the  Con- 
necticut law  (see  Appendix),  and  the  work  of  combating  the  disease 
seems  to  have  started  oft*  in  that  State  with  a vigor  and  thoroughness 
that  is  commendable,  283,782  trees  having  been  inspected  and  28,G47 
condemned  iu  1893. 

The  results  of  the  rooting-out  process  obtained  in  other  States  than 
Michigan  are  less  striking,  either  because  the  laws  have  not  been 
enforced  very  generally  or  because  they  have  been  in  operation  only  a 
short  time. 

The  greatest  difficulty  iu  the  way  of  enforcing  a law  of  this  kind  is 
the  desire  on  the  part  of  owners  to  market  fruit  from  aft*ected  trees. 
This  opposition  disappears  as  soon  as  it  is  made  a misdemeanor  to  sell 
such  fruit  or  buy  it  for  sale,  and  consequently  a clause  of  this  kind  should 
form  part  of  all  yellows  laws.  Provision  should  also  be  made  iu  such 
laws  for  the  destruction  of  diseased  trees  occurring  in  waste  places  and 
in  villages  and  cities.  It  is  important  also  that  records  should  be  kept 
each  year  of  the  number  of  trees  examined  and  the  number  destroyed, 
so  that  in  the  future  there  may  be  a sounder  basis  for  judgment  as  to 
the  efficacy  of  the  law. 

By  way  of  prevention  several  dift'erent  lines  of  procedure  have  been 
suggested.  Notable  among  these  is  the  return  to  the  soil  of  plant  foods 
supposed  to  have  been  exhausted  to  such  a degree  as  to  induce  yellows. 
In  view  of  the  wide  distribution  of  this  disease  and  its  occurrence  on 
a great  variety  of  soils,  this  seemed  hardly  probable,  although  siq)- 
ported  by  some  men  of  acknowledged  ability.  This  view  must  now  be 
abandoned,  a comprehensive  series  of  experiments  planned  to  settle 
this  question  and  continued  over  a period  of  four  years  having  shown 
conclusively  that  blocks  of  trees  heavily  fertilized  and  making  a rapid 
growth  are  not  secure  from  the  disease,  but  are  (piite  as  likely  to  be 
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attacked  as  those  left  untreated.*  In  some  of  these  eximai mental 
orchards  the  cases  increased  with  an  increasing  number  of  treatments 
or  became  more  speedily  numerous  on  the  treated  x^ortions,  wiule  in 
none  of  them,  even  when  great  quantities  of  fertilizers  were  used, 
was  there  any  indication  that  the  x^rogress  of  the  disease  was  stayed. 
These  treatments  were  made  in  Maryland  and  Delaware.  They 
included  the  use  of  lime,  wood  ashes,  kainit  and  muriate  of  x>otash, 
dissolved  boneblack  and  bone  ash,  nitrate  of  x)otash,  nitrate  of  soda, 
sulx)hate  of  ammonia,  tobacco  dust,  guano,  dried  blood,  and  stable 
manure.  They  Avere  conducted  in  fifteen  orchards,  embracing  more 
than  16,000  trees,  and  the  trees  under  actual  treatment  covered  an  area 
of  over  40  acres,  occupying  a variety  of  soils.  It  is  necessary,  there- 
fore, to  consider  other  exx^edients. 

Some  have  held  that  the  trouble  originates  exclusively  in  the  nur- 
sery, and  that  the  renewal  of  the  orchards  with  trees  having  a ^‘healthy 
constitution’’  would  soon  x^«t  an  end  to  the  ravages  of  tlie  disease. 
Time,  however,  has  shown  that  neither  untainted  buds  nor  sound 
stocks  afford  any  considerable  x)rotection.  This  is  true  even  when  an 
earlier  fall  of  the  leaves  and  rix^ening  of  the  wood  is  secured  by  work- 
ing the  peach  iix)on  x:>lnni  or  ax^ricof  stocks.  In  one  of  the  Dex)artment 
experiments  buds  were  taken  in  a region  free  from  yellows,  were  worked 
upon  well-rooted  Marianna  x>looi  cuttings,  and  after  a year’s  growth 
were  set  out  in  localities  mucli  subject  to  yellows.  Most  of  these  trees 
grew  well  for  two  or  three  years,  but  then  began  to  die,  some  Avith 
symptoms  of  yellows  and  others  from  a Avant  of  x^roper  union  between 
stock  and  root.  There  could  have  been  no  constitutional  taint  in  these 
trees,  because  the  parent  trees  were  kept  under  observation  four  years, 
during  which  time  they  remained  free  from  disease,  as  did  also  the 
plums  from  which  the  cuttings  were  made,  and  all  other  x)each  trees  in 
that  vicinity. 

PEACH  ROSETTE. 

DISTRIBUTION. 

The  rosette  exists  in  the  vicinity  of  Manhattan,  Kans.,  in  many  parts 
of  northern  Georgia,  and  in  a small  x>art  of  aa  estern  South  Carolina,  as 
shown  apxiroximately  on  the  maxi  accompanying  this  bulletin.  It  has 
also  been  reported  from  Arkansas.  This  disease  occurs  in  xieaches  and 
almonds,  and  something  very  similar,  if  not  identical,  is  common  in 
X)lum  trees,  both  wild  and  cultivated,  but  Avhat  is  here  detailed  relates 
only  to  the  peach. 

The  disease  seems  to  have  been  xiresent  in  Georgia  only  about  fifteen 
years.  If  it  occurred  longer  ago  there  is  no  conclusive  evidence  of  it, 
and  certainly  it  did  not  attract  general  attention  or  cause  uneasiness 
until  quite  recently.  During  the  last  five  or  six  years  it  has  destroyed 
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many  trees  in  Georgia  and  is  now  present  in  more  than  twenty  eonnties 
of  that  State,  being  eonimon  not  only  in  budded  and  seedling  orchards, 
but  also  in  seedlings  growing  in  the  fields  and  by  the  wayside. 

J ) 1ST  I N GU ISH ING  C H AK  AOTERS, 

E/Osette  clearly  belongs  to  the  same  type  of  disease  as  yellows,  but 
its  first  stages  are  more  striking  and  its  progress  is  much  more  rapid. 
It  may  first  attack  part  of  a tree  and  then  the  remainder,  the  same  as 
yellows,  but  it  is  more  likely  to  appear  at  once  in  the  whole  tree  and 
generally  in  early  spring.  In  trees  attacked  in  this  maimer  all  of  the 
leaf  buds  grow  into  compact  tufts  or  rosettes.  These  rosettes,  although 
seldom  more  than  2 or  3 inches  long,  usually  contain  several  hun- 
dred small  leaves.  One  of  these  rosettes  is  shown  in  fig.  5,  and  the 


Fig.  5. — A single  rosette. 


appearance  of  the  whole  tree  at  the  end  of  June  is  shown  in  fig.  (>.  A 
tree  thus  attacked  always  dies  the  following  autumn  or  winter.  When 
jiart  of  a tree  is  first  attacked  that  part  dies  as  above  described,  and 
the  remainder  shows  symptoms  the  next  spring,  to  die  in  turn  after 
about  six  months. 
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The  jjrevailiug'  color  of  the  foliage  is  yellowish  green  or  olivaceous. 
The  older  leaves  at  the  base  of  the  tufts  are  largest  and  frecjiiently  grow 
to  a length  of  several  inches,  but  have  inrolled  margins  and  a i)ecn- 
liar  stiff  appearance,  due  to  the  fact  tliat  they  are  straighter  than 
healthy  leaves.  These  outer  leaves  turn  yellow  in  early  summer  and 
drop  as  readily  as  though  it  Avere  autumn,  while  the  inner  leaves  of  the 
rosette  are  still  green  and  delicate.  The  com  pact  bunching  of  the  leaves 
is  very  eonspicuous  and  makes  the  trees  look  quite  unlike  those  affected 
by  yellows.  AYhere  a tree  is  attacked  in  all  parts  it  matures  no  fruit.  In 
all  the  cases  Avhi.ch  have  been  noticed  the  fruit  borne  by  affected  trees 
either  shrivels  Avhile  green  and  dro])S  off  or  else  ripens  naturally.  No 
premature  peaches  have  been  seen  in  (leorgia  except  such  as  were  due 
to  the  girdling  of  the  trunk  by  borers. 


Fig.  6. — A budded  tree  attacked  iu  spring  and  photographed  in  June. 


In  the  absence  of  x)remature,  red-sx)otted  fruit,  iu  the  severity  of  the 
disease  from  the  outset,  and  iu  its  very  rapid  i)rogress  it  is  (piite  unlike 
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yellows,  wliicli  is  decidedly  cliroiiic,  and  tlie  first  slight  symptoms  of 
which  usually  occur  iu  very  green  and  thrifty  trees  and  are  frecj^nently 
overlooked  the  first  season. 


now  SPREAD. 


The  rosette  is  readily  and  quickly  communicated  either  by  bud 
inoculation  or  by  root-grafting.  The  only  difference  in  the  latter  case 
is  that  the  disease  requires  a somewhat  longer  time  for  its  appearance 
in  the  top  of  the  tree.  In  Department  experiments  carried  on  in  Geor- 
gia the  first  slight  symptoms  appeared  in  many  stocks  soon  after  the 
insertion  of  the  diseased  buds,  i.  e.,  within  two  months,  while  in  less 
than  a year  more  than  100  trees  became  diseased  in  all  parts,  as 
shown  in  fig.  7. 


Fig.  7. — Rosette  iuducetl  iu  a seedliug  by  iuoeulatiou. 


Two  diseased  buds  were  inserted  into  the  trunk  of  this  tree,  at  the 
points  indicated  (X  and  X'),  June  21,  and  the  photograph  was  made 
on  June  6 of  the  following  year.  A curious  fact  in  connection  with 
this  experiment  is  that  4 trees  out  of  125  entirely  escaped  infection. 
These  were  like  the  rest,  except  that  the  diseased  buds  which  had  been 
inserted  into  their  trunks  failed  to  unite.  Their  immunity  was  conse- 
quently attributed  to  this  fact,  and  subse(iuent  experiments  confirmed 
the  belief,  showing  that  simple  contact  is  not  sufficient,  but  that,  as  in  the 
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case  of  yellows,  there  must  he  au  organic  luiioii  between  the  diseased 
tissue  and  the  healthy  stock  iu  order  to  transmit  the  disease.  It  is  sur- 
prising, however,  how  small  a fragment  will  convey  the  disease  if  it  can 
be  induced  to  unite  with  the  stock.  Other  methods  of  spread  are  not 
known,  but  such  must  certainly  exist.  In  view  of  the  failure  to  induce 
the  disease  by  simple  contact  of  diseased  tissues  with  healthy  ones,  even 
when  this  Avas  prolonged  and  close,  it  does  not  seem  likely  that  the 
contagion  is  carried  by  birds  or  insects,  and  it  is  therefore  possible  that 
the  disease  may  enter  through  the  roots.  Experiments  have  shown  con- 
clusively that  the  virus  of  this  disease  requires  a period  of  some  months 
to  penetrate  into  all  parts  of  a tree,  and  that  its  internal  movement  is 
manifested  within  a few  months  by  external  symptoms.  This  is  true 
both  of  trees  infected  artificially  and  of  those  which  contract  the  disease 
naturally.  In  the  former  the  sym])t()ms  first  ai)pear  near  the  inserted 
bud,  and  subsequently  in  remoter  parts  of  the  tree.  In  the  latter,  Avhen 
the  disease  is  severe  on  one  side  of  a tree,  the  tissues  on  the  other  side 
may  still  be  entirely  free  from  it.  This  Avas  suggested  by  the  fact  tliat 
the  top  on  one  side  of  a tree  often  seemed  entirely  healthy,  Avhile  the 
other  side  and  the  whole  base  were  badly  diseased,  and  it  was  shown 
to  be  true  by  the  removal  of  buds,  which  Avere  grafted  on  plums  and 
grcAV  into  liealthy  trees,  Avhile  the  disease  i)assed  over  into  the  i)arent 
limbs  and  affected  all  parts  the  folio Aving  spring. 

PREVENTIVE  MEASURES. 

What  has  been  said  respecting  the  prevention  of  yellows  applies 
also  to  rosette.  IS^othing  is  knoAvn  as  to  the  cause  of  this  disease,  but 
the  same  remark  applies  to  such  dangerous  contagious  diseases  as 
smallpox  and  hydrophobia,  and  the  time  has  certainly  x)assed  Avhen 
such  an  objection  can  be  urged  as  a good  reason  for  inaction. 

All  diseased  trees  should  be  dug  out  and  burned.  This  ought  to  be 
done  in  the  spring,  as  soon  as  the  rosette  can  be  detected,  owing  to  the 
fact  that  the  leaves  fall  very  readily  in  midsummer  and  are  possibly  a 
means  of  spreading  the  disease.  Earticular  care  should  also  be  taken  to 
destroy  rosetted  trees  occurring  on  the  borders  of  forests  and  in  waste 
places  generally,  and,  of  course,  in  any  thorough  work  of  this  kind  the 
plum  should  be  included,  although  not  enough  cross-inoculations  have 
been  made  to  put  the  identity  of  the  plum  disease  and  rosette  entirely 
beyond  doubt.  The  disease  is  virulently  contagious,  and,  as  in  the  case ' 
of  yellows,  if  peach-groAv  ing  is  to  continue  successful  for  any  great  length 
of  time  in  infected  regions,  it  can  be  only  by  means  of  a well-directed, 
vigorous,  and  united  effort. 
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APPENDIX 


THE  CONNECTICUT  YELLOWS  LAW. 

AN  ACT  providing  for  a commission  on  peach  yellows. 

[General  Assembly,  January  session,  A.  D.  1893.] 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  in  general  assembly  convened: 

Sec.  1.  The  State  board  of  agriculture  shall,  withiu  thirty  clays  from  the  passage 
of  this  act,  appoint  a commissioner  on  peach  yellows,  to  hold  office  during  the 
pleasure  of  said  board.  Said  commissioner  may,  with  the  approval  of  said  board 
and  under  the  provisio?is  of  this  act,  adox)t  and  carry  out  such  plans  as  may  be 
deemed  necessary  for  the  eradication  of  the  disease,  common  to  peach  trees,  known 
as  peach  yellows. 

Sec.  2.  At  all  joint  meetings  of  said  board  and  said  commissioner,  for  the  purpose 
of  conference,  the  commissioner  shall  receive  luaj"  from  the  board  for  his  expenses- 
only.  Said  commissioner  may,  with  the  approval  of  said  board,  appoint  one  or  more 
dexiuties  in  each  county;  and  when  ernxiloyed  in  the  performance  of  duties  imposed 
by  this  act,  said  commissioner  and  his  deputies  shall  receive  from  the  State,  upon 
liresentation  to  the  comxitroller,  of  bills  cluly  sworn  to,  audited  by  the  auditing 
committee  of  the  board  of  agriculture,  and  aj)proved  by  the  Governor,  five  dollars 
per  day  and  their  ex^ienses. 

Sec.  3.  Any  peach,  almond,  apricot,  or  nectarine  tree  diseased  by  the  yellows,  and 
all  fruit  from  any  such  diseased  tree,  is  hereby  declared  a public  nuisance,  and  it 
shall  be  the  duty  of  said  commissioner  or  any  deputy,  under  such  regulations  as  the 
State  board  of  agriculture  may  adopt  or  approve  of,  to  order  such  trees  or  such  fruit 
destroyed,  and  upon  the  failure  of  the  owner  to  obey  such  order,  to  destroy  such  trees 
or  fruit,  and  no  damage  shall  be  j)aid  to  such  owner  on  account  of  such  destruction. 

Sec.  4.  Any  jierson  may,  when  ordered  to  destroy  any  tree  or  fruit  condemned  by 
the  said  commissioner  or  deputy,  ajipeal  to  the  State  board  of  agriculture,  and  said 
board  shall  appoint  a committee  of  three  experts,  which  committee  shall  not  include 
the  person  who,  acting  as  commissioner  or  deputy,  ordered  such  tree  or  fruit 
destroyed,  and  the  decision  of  such  committee  shall  be  final. 

Sec.  5.  Any  i)erson  who  shall,  while  such  an  appeal  is  pending,  sell  any  tree  from 
a nursery  where  there  are  found  to  be  diseased  trees,  or  any  fruit  from  such  tree;  or 
who  shall,  without  such  a])peal,  or  after  such  final  decision,  refuse  to  destroy  such 
tree  or  fruit,  shall  be  fined  not  less  than  one  hundred  nor  more  than  five  hundred 
dollars. 

Sec.  6.  Any  person  that  shall  knowingly  buy,  for  the  ])urx)ose  of  selling,  or  shall 
sell  or  offer  for  sale,  any  fruit  from  such  diseased  trees,  shall  be  fined  not  less  than 
ten  nor  more  than  one  hundred  dollars. 

Sec.  7.  For  the  purpose  of  investigation  or  for  the  purpose  of  destroying  trees  or 
fruit  known  to  be  diseased,  the  said  commissioner  and  his  deiiuties  may  enter  any 
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premises;  and  any  person  who  shall  prevent  or  attempt  to  prevent  such  entry  shall 
be  punished  by  a tine  of  not  less  than  ten  nor  more  than  one  hur^lred  dollars,  or 
imprisoned  in  a common  jail  not  less  than  ten  nor  more  than  sixty  days,  or  both. 

Sec.  8.  Prosecutions  for  violation  of  this  act  may  be  brought  before  justices  of 
the  peace,  or  any  city,  borough,  town,  police,  or  common  pleas  court  having  criini- 
nal  jurisdiction,  by  any  prosecuting  officer,  or  by  the  commissioner  on  peach  yel- 
lows, or  any  of  his  deputies,  and  for  such  purpose  said  commissioner  and  his  depu- 
ties shall  have  all  the  powers  of  grand  jurors. 

Sec.  9.  This  act  shall  take  effect  upon  its  passage. 

Approved  J une  14, 


THE  PENNSYLVANIA  YELLOWS  LAW. 

AN  ACT  to  prevent  the  spre.'id  of  the  disease  in  peach  trees  known  as  the  yellows. 

Sec.  1.  Be  it  enacted,  etc.,  That  it  shall  be  unlawful  for  any  one  to  knowingly  or 
willfully  keep  any  peach,  almond,  apricot,  or  nectarine  tree  infected  with  the  conta- 
gious disease  known  as  the  j^ellows,  or  to  offer  for  sale  or  shipmeut  or  to  sell  or  ship 
to  others  any  of  the  fruit  thereof;  both  tree  and  fruit  so  infected  shall  be  subject  to 
destruction  as  public  nuisances  as  hereinafter  provided,  and  no  damages  shall  be 
awarded  in  any  court  in  this  State  for  entering  upon  premises  and  destroying  such 
diseased  trees  and  fruit,  if  done  in  accordance  with  the  provisions  of  this  act;  and 
it  shall  be  the  duty  of  every  person,  as  soon  as  he  becomes  aware  of  the  existence  of 
such  disease  in  any  tree  or  fruit  owned  by  him,  to  forthwith  destroy  or  cau.se  the 
same  to  be  destroyed. 

Sec.  ‘2.  In  any  township,  borough,  or  city  of  this  State  in  which  such  contagious 
disease  exists,  or  in  which  there  is  good  reason  to  believe  it  exists  or  danger  may  be 
justly  apprehended  of  its  introduction,  as  soon  as  such  information  becomes  known 
to  any  supervisor  of  such  township  or  to  any  highway  or  street  commissioner  of 
such  borough  or  city,  it  shall  l)e  the  duty  of  said  supervisor,  highway  or  street  com- 
missioner to  appoint  forthwith,  three  competent  freeholders  of  said  township, 
borough,  or  city  as  commissioners,  who  shall  hold  office  during  the  pleasure  of  said 
supervisor  or  highway  or  street  commissioner,  and  such  order  of  appointment  and 
of  revocation  shall  be  entered  at  large  upon  the  records  of  such  townshijv,  borough, 
or  city. 

Sec.  3.  It  shall  be  the  duty  of  said  commissioners,  within  ten  days  after  appointment 
as  aforesaid,  to  file  their  acceptance  of  the  same  with  the  clerk  of  said  township, 
borough,  or  city,  and  said  clerk  shall  be  ex  officio  clerk  of  said  board  of  commissioner.s, 
and  he  shall  keep  a correct  record  of  the  proceedings  of  said  board  in  a book  to  be 
provided  for  the  purpose,  and  shall  file  and  preserve  all  papers  pertaining  to  the 
duties  and  actions  of  said  commissioners  or  either  of  them,  which  shall  be  a part  of 
the  records  of  said  township,  borough,  or  city. 

Sec.  4.  It  shall  be  the  duty  of  the  commissioners  or  any  one  of  them,  upon  or  with- 
out complaint,  whenever  it  comes  to  their  notice  that  the  disease  known  as  yellows 
exists  or  is  supposed  to  exist  within  the  limits  of  their  township,  borough,  or  city, 
to  proceed  without  delay  to  examine  the  trees  or  fruit  supposed  to  be  infected,  and 
if  the  disease  is  found  to  exist,  a distinguishing  mark  shall  be  placed  upon  the  dis- 
eased trees  and  the  owner  notified  personally  or  by  a written  notice  left  at  his  usual 
place  of  residence,  or  if  the  owner  be  a nonresident,  by  leaving  the  notice  with  the 
])erson  in  charge  of  the  tree  or  fruit,  or  the  person  in  wdiose  possession  said  trees  or 
fruit  may  be.  The  notice  shall  contain  a simple  statement  of  the  facts  as  found  to 
exist,  with  an  order  to  effectually  remove  and  destroy,  by  fire  or  otherwise,  the  trees 
so  marked  and  designated,  within  ten  days,  Sundays  excepted,  from  the  date  of  the 
service  of  the  notice,  and  in  case  of  fruit  so  infected,  such  notice  shall  require  the 
person  in  whose  possession  or  control  it  is  found  to  immediately  destroy  the  same  or 
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cause  it  to  be  done.  Said  notice  and  order  shall  be  signed  by  the  full  board  of 
coiinnissioners. 

Sec.  5.  Whenever  anj^  ])ersoii  shall  refuse  or  neglect  to  comply  with  the  order  to 
remove  and  destroy  the  trees  marked  by  the  commissioners  as  aforesaid,  it  shall  be- 
come the  duty  of  the  commissioners  to  cause  said  trees  to  be  removed  and  destroyed 
fortliwith,  employing  all  necessary  aid  for  that  purpose;  the  expense  of  such  re- 
moval and  desLruetion  of  rrees  to  be  a charge  against  the  townshij),  borough,  or  city, 
and  for  the  purpose  of  said  removal  and  destruction  the  said  commissioners,  their 
agents  and  workmen,  shall  have  the  right  and  power  to  enter  upon  any  and  all 
premises  within  their  township,  borough,  or  city. 

Sec.  6.  If  any  owner  neglects  to  remove  and  destroy  or  cause  to  be  removed  and 
destroyed  as  aforesaid,  such  diseased  trees  and  fruit  after  such  examination  and 
notitication  and  within  the  time  hereinafter  [hereinbefore]  specified,  such  person 
shall  be  deemed  guilty  of  a misdemeanor,  and  punished  by  a fine  not  exceeding  ten 
dollars,  or  by  imprisonment  in  the  county  jail  not  exceeding  ten  days,  in  the  discre- 
tion of  the  court;  and  any  justice  of  the  peace  of  the  township  or  borough,  or  any 
alderman  in  any  city  of  this  Commonwealth  where  such  fruit  is  sold,  shii>i)ed,  or  dis- 
posed of  as  aforesaid  shall  have  jurisdiction  theieof. 

iSec.  7.  The  commissioners  shall  be  allowed  for  services  under  this  act,  two  dollars 
for  each  full  day  and  one  dollar  for  each  half  day  for  the  time  actually  employed,  and 
other  reasonable  charges  and  disbursements  hereunder,  to  be  audited,  as  well  as  any 
other  charges  and  disbursements  under  this  act,  by  the  board  of  township  auditors  or 
the  auditors  of  such  borough  or  the  controller  of  such  city,  to  be  paid  to  said  commis- 
sioners as  other  township,  borough,  or  city  accounts  are  jiaid.  Such  fees  and  all 
reasonable  charges  and  disbursements  of  said  commissioners  in  each  case,  may  be 
recovered  by  the  township,  borough,  or  city,  in  the  name  of  the  supervisor  or  high- 
way or  street  commissioner,  from  the  owner  of  the  diseased  fruit  or  trees  on  account 
of  which  such  fees,  charges,  and  disbursements  became  payable  or  were  incurred. 

Sec.  8.  This  act  shall  take  effect  immediately  upon  its  approval  by  the  Governor. 

Approved  the  26th  day  of  May,  A.  D.  1891. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington^  D.  (7.,  May  22^  1894. 

Sir:  I have  the  honor  to  transmit  herewith  for  publication  as  a 
Farmers^  Bulletin  an  article  on  forage  plants  especially  adapted  to  the 
Southern  States.  This  article  was  prepared  by  Prof.  S.  M.  Tracy, 
Director  of  the  Mississippi  Agricultural  Experiment  Station,  who  had 
charge  of  the  experiments  with  forage  iilants  carried  on  during  the  past 
live  years  by  this  Department  in  cooperation  with  the  experiment  sta- 
tions in  Mississippi,  i^'orth  Carolina,  Georgia,  Florida,  and  Louisiana. 
Over  500  native  and  foreign  species  of  grasses  and  other  forage  iilants 
were  tested  with  special  reference  to  their  value  for  hay  or  pasturage. 
This  bulletin  summarizes  the  practical  results  of  this  investigation,  and  is 
confined  to  accounts  of  the  species  whose  value  for  the  agriculture  of 
the  South  has  been  definitely  established. 

The  illustrations  were  prepared  under  direction  of  Prof.  F.  Lamson- 
Scribner  of  this  Department,  some  of  them  having  been  previously 
furnished  by  him  to  the  publishers  of  Webster’s  International  Diction- 
ary, by  whose  courteous  permission  they  are  used  in  this  publication. 

Eespectfully, 

A.  C.  True, 

Director, 


Hoii.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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FORAGE  PLANTS  FOR  THE  SOUTH. 


The  soil,  climate,  and  conditions  of  the  Southern  States  are  so  differ- 
ent from  those  of  the  J^orth  that  different  species  of  plants,  as  well  as 
different  methods  of  culture  and  treatment,  are  necessary  to  success  in 
the  making  of  meadows  or  i)astures.  The  soil,  although  almost  wholly 
of  sedimentary  formation,  is  exceedingly  variable  in  charactero  Much 
of  it  has  had  nearly  all  of  its  vegetable  matter  exhausted  by  continu- 
ous cultivation  in  cotton.  In  many  sections  extreme  care  is  neces- 
sary to  prevent  the  washing  of  hillsides.  Severe  freezes  are  unknown, 
so  that  many  of  the  more  hardy  plants  continue  their  growth  during 
the  entire  winter.  On  the  approach  of  hot  weather  these  plants  dis- 
appear, and  their  places  are  filled  by  a rank  summer  growth  of  plants, 
many  of  which  are  too  coarse  and  unpalatable  to  be  of  value  for  either 
hay  or  pasture.  Although  the  growing  season  is  almost  continuous 
for  some  species,  there  are  none  which  will  make  a vigorous  growth 
throughout  the  year,  so  that  permanent  meadows  and  pastures  can 
be  made  only  with  mixtures  of  several  species  which  make  their  growth 
at  different  seasons. 

Sufficient  hay  for  home  consumption  may  be  gathered  on  almost  any 
plantation  without  expense,  except  for  the  harvesting,  but  such  crops 
are  uncertain  in  amount,  are  usually  inferior  in  quality,  and  are  rarely 
such  as  will  assist  in  xireparing  the  soil  for  future  crops,  A good  hay 
plant  must  not  be  too  rank  in  its  growth,  or  its  stems  will  be  coarse 
and  woody  5 it  must  have  a large  proportion  of  leaves,  which  are  the 
most  edible  parts  of  the  plant;  it  should  be  easily  cured  when  made 
into  hay;  and  it  must  be  nutritious,  easily  digested,  and  palatable.  If 
wanted  for  a permanent  meadow,  the  plant  must  be  a perennial.  As 
the  true  grasses  are  of  but  little  value  as  fertilizers,  it  is  imjiortant 
that,  where  the  crop  is  to  be  grown  as  a part  of  a rotation,  at  least  one 
of. the  sjiecies  used  in  any  mixture  should  be  a leguminous  plant;  if 
the  forage  crop  is  to  be  grown  one  season  only,  leguminous  plants  are 
always  to  be  preferred. 

FORAGE  CROPS  FOR  DIFFERENT  SOILS. 

No  one  grass  or  mixture  of  grasses  will  be  found  best  for  all  localities, 
but  the  choice  must  be  varied  to  meet  local  conditions.  The  character 
ot  the  soil  is  the  principal  item  to  be  considered  in  making  a selection 
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for  sowing.  In  the  region  covered  by  this  work  there  are  four  types  of 
soils,  which  embrace  fully  nine  tenths  of  its  area.  These  are  (1)  the 
yellow  loam  and  clay  uplands,  (2)  the  alluvial  river  bottom  lands,  (3) 
the  black  prairie  regions,  and  (4)  the  pine  woods  region.  For  each  of 
these  sections  different  species,  different  mixtures,  and  different  modes 
of  treatment  are  required j and  this  Department  has  made  a special 
study  of  the  requirements  of  each  region. 

YELLOW  LOAM  SOILS. 

The  yellow  loam  and  clay  uplands  include  a large  part  of  Korth 
Carolina  and  the  northern  portions  of  Georgia,  Alabama,  and  Missis- 
sippi. They  are  also  found  in  northern  Louisiana  and  in  some  loarts 
of  Texas,  where  they  merge  into  the  pine  woods  lands.  The  land  in  the 
western  part  of  this  region,  from  Mississippi  to  Texas,  is  mostly  rolling 
and  well  drained,  contains  an  abundance  of  lime,  and  is  naturally  very 
fertile,  but  often  hard  and  compact,  containing  but  little  sand,  and 
suffering  severely  from  drought.  In  the  eastern  section  the  soil  gener- 
ally has  less  lime,  is  much  lighter  and  more  sandy,  and  so  can  be  more 
easily  worked.  While  the  crop  here  is  less  in  quantity  than  that  from 
the  bottom  lands,  it  is  superior  in  quality,  being  less  coarse  in  fiber, 
richer  in  nutritive  matter,  and  less  mixed  with  weeds  and  coarse  grasses. 

Bermuda  grass,  Johnson  grass,  lespedeza  (Japan  clover),  red  clover, 
and  melilotus  furnish  the  principal  hay  crops  of  this  region,  and  for  a 
permanent  meadow  on  rich  soil  Bermuda  grass  is  undoubtedly  the  best 
si^ecies,  though  we  have  found  no  leguminous  plant  which  is  satisfactory 
for  sowing  on  the  same  ground.  Bed  clover  is  often  sown  on  the  same 
land  with  Bermuda  grass,  but  as  the  two  mature  at  different  seasons,  and 
as  the  clover  is  seldom  permanent,  the  mixture  can  hardly  be  recom- 
mended. Bermuda  grass  meadows  may  be  pastured  through  the  win- 
ter without  injury.  Alsike  clover  adds  greatly  to  their  value  at  that 
time,  and  as  it  also  increases  to  some  extent  the  hay  crop,  it  is  perhaps 
the  best  of  the  family  for  sowing  on  Bermuda  grass  meadows.  Johnson 
grass  gives  the  largest  yield,  and  if  it  were  not  for  the  ease  with  which 
it  spreads  to  adjoining  fields  and  the  extreme  difficulty  with  which  it 
can  be  eradicated,  we  should  recommend  it  highly.  Melilotus  is  the 
best  of  the  legumes  for  sowing  with  it,  and  as  it  increases  the  yield 
largely,  makes  the  hay  more  palatable,  and  keeps  the  soil  in  better 
condition,  it  should  be  sown  on  all  such  meadows.  When  a crop  is 
wanted  to  occupy  the  ground  for  two  years  only,  red  clover,  as  it  yields 
well,  should  be  sown  on  the  rich  soils  that  are  in  good  condition,  and 
in  the  South  at  the  i)resent  time  the  hay  sells  better  than  that  from  any 
other  crop.  On  the  more  sterile  soils,  which  are  not  soon  to  be  planted 
with  other  crops,  lespedeza  is  perhaps  the  best  plant  which  can  be  used, 
and  on  lauds  containing  an  excess  of  lime  melilotus  is  the  most  imofit* 
able  crop.  When  the  land  is  to  be  used  for  only  a single  crop  of  hay 
lespedeza  is  the  best  for  thin  clay  soils ; while  for  fields  in  even  fair 
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condition  cowi:)eas  will  be  found  the  most  x)rofitablej  and  on  very  rich 
soils  German  millet  may  be  grown  to  advantage.  For  soiling,  sorghum, 
soja  beans,  and  beggar  weed  do  well. 

About  165  species  of  grasses  are  native  to  this  region,  and  many  of 
these  furnish  large  amounts  of  hay.  Several  species  of  broom  sedge, 
Panicum^  and  Pasjyaliim^  and  many  other  native  species  abound  on  the 
uncultivated  lands,  and  if  cut  sufficiently  early,  before  the  seed  stems 
are  grown,  make  hay  of  fair  quality  ] though  if  allowed  to  grow  until  the 
seed  is  ripe,  as  is  too  often  done,  they  are  of  but  little  value  for  hay, 
being  tough,  wiry,  and  unpalatable. 

The  natural  pastures  in  this  region  a^reall  that  can  be  desired  during 
the  summer  and  fall  months,  but  fail  rapidly  after  the  first  heavy  frosts, 
and  do  not  become  really  good  again  until  April.  For  making  a per- 
manent x)asture  Bermuda  grass  and  lespedeza  are  the  best  foundation; 
and  to  these  should  be  added  orchard  grass,  Hungarian  brome,  and 
bur  clover  for  the  drier  soils;  while  red  top,  water  grass,  and  alsike 
clover  will  be  the  best  additions  for  the  wet  lands.  White  clover  grows 
well  on  the  uplands,  and  the  Carolina  and  creeping  clovers  give  rich 
grazing  in  March  and  Ai)ril,  but  soon  disapxjear.  On  the  sandy  and 
gravelly  uplands,  especially  on  the  Atlantic  coast,  crimson  clover  gives 
excellent  winter  i)asture,  and  under  continuous  grazing  will  reseed  the 
ground  so  as  to  be  x)ractically  x)ermanent.  Where  crimson  clover  will 
not  grow  and  the  pasture  is  needed  for  immediate  use,  rescue  grass, 
Terrell  grass,  and  hairy  vetch  will  make  good  winter  i)astures;  and  if 
stock  be  taken  from  the  field  in  March  or  Ax)ril  these  plants  will  reseed 
the  ground  for  the  following  season,  but  they  will  soon  disapx)ear  under 
continuous  grazing. 

One  of  the  most  common  x>ests  in  the  upland  x^astures  of  this  region 
is  the  bitter  weed  {Relenmm  temiifolium)  which  is  eaten  freely  by  cows 
in  the  absence  of  better  herbage  and  which  imx)arts  a very  disagreeable 
fiavor  to  their  milk.  The  presence  of  this  weed  is  an  almost  certain 
indication  that  the  soil  is  Aveak  and  thin,  and  that  the  land  has  been 
pastured  too  closely.  Such  xiastures  can  be  easily  recux:)erated  by  rest- 
ing and  fertilizing,  as  the  weed  is  never  troublesome  on  lands  which  are 
rich  and  in  good  condition. 

ALLUVIAL  AND  UIVER  BOTTOM  LANDS. 

The  river  bottom  lands  are  found  along  the  courses  of  all  the  larger 
streams  in  the  eastern  section,  and  cover  a large  portion  of  western 
Mississix3pi,  southern  Louisiana,  and  eastern  Texas.  These  soils  are 
almost  wholly  of  recent  alluvial  formation,  are  rich  in  humus,  and 
usually  contain  an  abundance  of  lime,  together  with  more  or  less  sand. 
Many  of  them  are  subject  to  overflows  and  nearly  all  of  them  sufler 
from  want  of  drainage.  Being  more  fertile  than  the  uxilands  they  x^ro- 
duco  larger  crox^s  of  hay  and  afford  a much  Avider  range  of  choice  in 
the  selection  of  varieties. 
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For  permanent  meadows  on  these  lands  Bermuda  grass,  Johnson 
grass,  red  top,  alfalfa,  and  red  clover  all  do  well,  though  Bermuda  grass 
and  red  clover  have  given  the  most  general  satisfaction.  Of  the  true 
grasses,  Bermuda  grass  makes  hay  of  the  best  quality.  Its  yield  is 
from  3 to  4 tons  per  acre  in  two  cuttings,  and  it  is  not  injured  by  short 
overflows.  Johnson  grass  also  yields  heavily  but  it  is  more  easily 
injured  by  wmter  than  is  Bermuda  grass,  and  the  hay  does  not  sell  as 
well.  Bedtop  bears  a longer  overflow  than  does  either  of  the  others, 
and  we  have  found  it  advantageous  to  sow  it  on  i^laces  where  the 
others  are  liable  to  be  drowned  out,  as  it  adds  largely  to  the  yield  of 
hay  and  keeps  down  the  growth  of  weeds  and  coarse  grasses.  Where 
the  soils  are  fairly  well  drained  red  clover  does  well  and  is  one  of  the 
best  croi)S  which  can  be  grown,  as  the  hay  finds  a ready  market  at  good 
i:)rices.  On  soils  which  have  thorough  drainage  alfalfa  makes  a heavier 
yield  than  any  other  good  hay  plant,  but  it  can  not  be  grown  profita- 
bly on  heavy  soils  or  where  standing  water  comes  near  the  surface. 
When  a meadow  is  wanted  for  two  years  only,  red  clover  is  by  far  the 
best  plant  that  can  be  used,  while  if  but  a single  crop  is  to  be  cut,  lespe- 
deza  is  best,  especially  for  the  drier  soils,  in  which  it  can  be  sown  early; 
and  for  late  sowing  German  millet  has  given  the  best  results.  For 
soiling  crops  we  have  found  nothing  better  than  teosinte,  alfalfa,  and 
soja  beans. 

It  is  comi)aratively  easy  to  make  good  summer  pastures  with  Ber- 
muda grass  and  lesi)edeza  on  these  lands,  but  in  the  winter  the  soil 
becomes  so  water-soaked  and  cold  that  it  is  difficult  to  find  plants  which 
afibrd  good  grazing  during  that  season.  In  all  these  regions  cane- 
brakes  are  more  or  less  abundant  and  furnish  rich  feed,  but  are  usu- 
ally so  scattered  that  they  can  do  little  more  than  sustain  life  in  the 
animals  which  range  through  them.  Bermuda  grass  makes  the  best  of 
summer  pasture,  but  is  killed  to  the  ground  by  moderate  frosts  and  so 
is  of  little  value  during  the  winter.  Johnson  grass  lasts  but  a short 
time  when  i:)astured,  and  red  clover  is  soon  trampled  out.  Redtop  is 
much  more  lasting  and  should  be  sown  in  every  field  intended  for  a 
permanent  pasture.  Alsike  clover  does  well  on  these  soils  even  when 
heavy  and  badly  drained,  and  is  the  best  of  the  family  for  winter  graz- 
ing. Bur  clover  also  does  well,  and  alfalfa  makes  good  winter  pastures 
on  sandy  soils  in  the  extreme  South.  Japanese  rye  and  rescue  grasses 
grow  well  where  they  are  not  subject  to  overflow,  the  former  being  the 
more  permanent.  Among  the  native  sorts  that  can  be  grown  here  to 
advantage  are  the  large  water  grass  and  Terrell  grass,  both  of  which 
grow  during  the  cooler  months  and  are  unhurt  by  overflows.  Carpet 
grass  will  make  good  winter  grazing  where  the  soil  is  dry  and  sandy. 
Where  pastures  are  wanted  for  one  season  only  we  have  found  nothing 
better  than  a mixture  of  Terrell  grass,,  perennial  rye,  and  hairy  vetch 
sown  in  August  or  September  for  Avinter  use;  Avith  lespedeza,  beggar 
weed,  and  Mexican  everlasting  grass  for  summer  use. 
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THE  BLACK  PRAIRIE  REGION. 

The  black  iDrairie  soils  are  found  principally  in  western  Alabama,  east- 
ern Mississippi,  and  eastern  Texas,  but  though  among  the  most  fertile  in 
the  whole  country  they  need  peculiar  treatment  to  make  them  produc- 
tive. While  ordinary  commercial  fertilizers  and  even  liberal  applica- 
tions of  stable  manure  produce  little  effect  on  them,  the  plowing  under 
of  an  occasional  green  crop  seems  all  that  is  necessary  to  keep  them 
iu  a state  of  high  productiveness.  Most  of  these  lands  are  quite  level, 
are  poorly  drained,  and  remain  wet  very  late  in  the  spring,  but  pulver- 
ize readily  when  dry,  even  though  they  have  been  iilowed  while  quite 
wet.  They  are  rich  in  lime,  and  no  better  grass  lands  can  be  found. 

For  the  production  of  hay  alone,  without  regard  to  its  effects  on  the  soil, 
Bermuda  is  the  best  grass  which  can  be  grown  as  a permanent  meadow. 
Under  proper  inanagemeut,  however,  these  lands  are  so  productive  for 
corn  and  cotton  that  most  planters  prefer  to  rest  the  fields  with  some 
crop  which  will  give  promi^t  returns  in  hay  and  which  will  at  the  same 
time  i^repare  the  soil  for  some  future  hoed  crop.  For  this  purpose,  on 
these  soils,  there  are  no  x>lants  equal  to  melilotus  and  red  clover,  the 
former  being  the  more  valuable  as  a fertilizer,  while  the  latter  makes 
the  better  hay.  On  soils  which  contain  an  excess  of  lime,  are  badly 
drained,  or  are  in  poor  mechanical  condition  melilotus  will  grow  well, 
give  fair  returns  in  hay,  and  do  more  than  any  other  plant  to  put  the 
soil  in  good  condition ; while  on  the  better  soils  red  clover  is  more  prof- 
itable for  hay,  and  gives  to  the  soil  all  the  green  manuring  which  it 
needs.  Johnson  grass  also  does  well  here,  and  a mixture  of  this  grass 
with  melilotus,  recommended  on  another  page,  makes  a heavy  yield  of 
excellent  hay.  Lespedeza  grows  well  on  the  soils  which  are  not  too 
wet,  and  is  perhaps  the  best  hay  crop  which  can  be  grown  where  the 
field  is  to  be  used  for  that  purpose  only  one  year.  For  a short-season 
hay  crop  to  follow  wheat,  oats,  or  potatoes,  either  cowpeas  or  German 
millet  should  be  used. 

There  is  a variety  of  sorghum,  commonly  known  as  chicken  corn,” 
which  has  become  thoroughly  naturalized  on  the  black  prairie  lands 
of  Alabama  and  Mississippi,  and  which  is  a valuable  addition  to  the 
hay-producing  crops.  It  is  doubtless  descended  from  some  of  the 
numerous  varieties  which  the  Department  brought  from  China  about 
thirty  years  ago,  and  in  general  appearance  it  is  much  like  the  common 
broom  corn,  though  the  heads  are  less  spreading  and  the  stalk  usually 
branches  at  several  of  the  upper  joints.  It  is  common  in  cornfields, 
starting  up  late  in  the  summer,  after  the  crop  has  been  laid  byj  its 
growth  is  rapid,  and  in  September  many  fields  appear  as  though  planted 
with  common  sorghum.  If  cut  before  heading  it  makes  fair  hay,  and 
on  rich  soil  will  produce  a heavy  second  crop.  If  allowed  to  mature 
the  yield  of  seed  is  about  the  same  as  that  of  the  ordinary  cultivated 
varieties,  and  is  worth  about  as  much  for  feeding  stock. 
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As  in  most  other  parts  of  the  South,  Bermuda  grass  and  lespedeza 
furnish  an  abundance  of  summer  grazing  in  this  region  j but  it  has  been 
more  difficult  to  find  satisfactory  xfiants  for  winter  x)astures  here  than 
for  any  other  soils  which  the  Department  has  investigated.  Melilotus 
is  thoroughly  at  home  on  these  soils^  and  in  nearly  all  localities  has 
been  so  satisfactory  that  little  else  seems  to  be  needed.  Alsike  clover 
grows  well  on  the  heavier  soils,  but  soon  disapi)ears  from  the  ridges 
and  looser  soils.  Hungarian  brome  grass,  orchard  grass,  and  redtox) 
are  the  best  of  the  true  grasses  for  general  use,  while  Texas  blue  grass 
has  done  well  in  a few  localities.  Bur  clover  and  hairy  vetch  succeed 
admirably  where  the  soil  is  fairly  dry,  but  neither  will  grow  where  the 
ground  is  wet  for  considerable  periods  of  time. 

THE  PIXE  WOODS  P.EGIOX. 

The  x:)ine  vmods  region  reaches  from  50  to  150  miles  back  from  the 
coast,  and  extends  in  an  unbroken  lino  from  Carolina  to  Texas,  except 
where  interrux)ted  by  the  mouths  of  the  larger  rivers.  The  soil  is 
usually  a sandy  loam  containing  but  little  lime,  and  underlaid  with  a 
heavy  clay  subsoil.  Where  the  woods  are  ox)en  native  grasses  flourish 
in  great  abundance,  and  thousands  of  cattle  and  sheex)  are  raised 
which  never  see  a X)ound  of  hay  or  grain,  though  the  living  which  such 
animals  get  is  a hard  one,  the  beef  being  x)oor  in  quality  and  the  wool 
light  in  yield.  Here  hay-growing  is  of  less  imx)ortance  than  farther 
north,  but  it  has  become  generally  recognized  that,  although  animals 
may  live  through  the  winters  on  the  native  x>astures,  it  is  more  x^rofit- 
able  to  shelter  and  feed  them  during  the  heavy  winter  rains,  and  that 
an  occasional  hay  crox^  is  a cheax)er  and  better  fertilizer  than  can  be 
secured  in  any  other  way. 

On  ground  which  has  been  well  fertilized  Bermuda  is  the  best  grass 
f®r  x^ermanent  meadows,  but  a majority  of  the  x)lanters  in  this  region, 
v'here  the  growing  season  lasts  nearly  twelve  months,  find  it  more 
X^rofitable  to  make  hay  iq^on  lands  from  which  some  other  crox)  has 
been  harvested,  and  in  many  cases  the  hay  is  secured  for  the  bare  cost 
of  gathering.  Along  the  Gulf  coast  crab  grass  and  Mexican  clover 
form  the  bulk  of  the  hay  crox^.  Both  of  these  x>lants  ^‘come  in”  on  the 
cultivated  lands,  and  both  make  a heavy  spontaneous  growth  late  in 
the  season,  maturing  at  the  same  time,  and  if  cut  before  becoming  too 
rix)e  making  most  excellent  hay.  Alfalfa  does  well  where  the  soil  is 
sufficiently  fertile,  and  has  x>i'oved  remarkably  successful  on  some  of 
the  drier  lands  of  Florida.  On  the  Atlantic  coast  crimson  clover  is 
one  of  the  best  of  hay  x)lants,  and  its  introduction  is  making  great 
changes  in  the  hay-growing  x^ractice  of  that  region.  Dr.  Battle,  who 
has  had  charge  of  the  Dex:)artment  work  in  Horth  Carolina,  says  of  it: 
<^Hay  made  from  the  crimson  (scarlet)  clover  stands  out  frequently 
as  the  richest  of  foods.  It  leads  x)ea-vine  hay,  lucern,  red  clover,  timo- 
thy, redtox^,  alsike  clover,  and  orchard  grass.”  Timothy  and  red  clover 
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also  do  well  in  North  Carolina,  and  in  many  localities  Johnson  grass  is 
highly  valued. 

When  the  crop  is  wanted  for  its  fertilizing  effect  as  much  as  for  its 
hay,  the  cowpea  is  the  best  i)lant  that  can  be  grown.  If  sown  early 
two  crops  can  be  made  during  the  season,  and  if  not  sown  before 
August  the  vines  will  still  have  time  to  cover  the  ground  with  a dense 
growth  which  can  be  cut  for  hay,  pastured,  or  left  to  decay  on  the 
ground,  at  the  convenience  of  the  jilanter.  Lespedeza  makes  heavy 
crops  on  such  of  these  soils  as  contain  a small  amount  of  lime;  but 
melilotus  has  not  been  generally  successful. 

For  winter  pastures  in  the  Atlantic  coast  region,  crimson  clover  is 
valued  highly,  as  it  makes  both  winter  pasturage  and  a winter  growing 
fertilizer,  being  one  of  the  few  plants  which  can  be  used  for  this  double 
purpose.  Japanese  rye  and  orchard  grasses  also  succeed  well  there, 
and  in  some  localities  Texas  blue  grass  has  done  well.  In  Florida  the 
best  winter  pastures  have  been  made  from  alfalfa  and  Texas  blue  grass; 
while  along  the  Gulf  coast  carpet  grass  and  the  large  water  grass  have 
been  more  valuable. 

FORMATION  AND  CARE  OF  PASTURES. 

Preparation  of  the  land, — The  ground  should  be  well  plowed  only  a 
few  days  before  the  seed  is  to  be  sown,  and  then  harrowed  until  the 
surface  is  thoroughly  x)ulverized  and  smoothed.  If  hard  and  full  of 
clods,  a disk  harrow  is  the  best  thing  we  have  found  for  i)ulverizing 
the  soil,  and  it  should  be  used  as  soon  as  possible  after  the  i)lowing  is 
done  before  the  clods  have  time  to  bake.  The  last  harrowing  should 
be  done  with  a Thomas  or  some  similar  harrow  iu  order  to  leave  the 
surface  as  smooth  as  possible. 

Small  and  heavy  seed,  like  clover,  can  be  sown  more  evenly  with  a 
‘‘wheelbarrow  seeder,’’  of  which  there  are  several  kinds  in  the  market, 
than  with  any  other  implement  we  have  used;  but  for  sowing  coarser 
seeds,  like  Johnson  grass,  or  chaffy  seeds,  like  those  of  orchard  grass, 
we  have  found  no  machine  which  has  been  satisfactory,  and  we  prefer 
to  sow  such  seeds  by  hand.  Light  and  heavy  seeds  should  always  be 
sown  separately,  as  it  is  practically  impossible  to  keep  them  evenly 
mixed,  and  in  sowing  by  hand  the  heavy  seeds  will  be  thrown  so  much 
farther  than  the  light  that  the  field  will  be  streaked  and  irregular. 
When  the  sowing  is  done  by  hand  we  prefer  to  go  over  the  field  twice, 
using  half  of  the  seed  each  time  and  making  the  second  sowing  at 
right  angles  to  the  first. 

For  covering  the  seeds  we  prefer  a heavy  roller  to  any  other  iniiile- 
ment,  as  it  covers  them  more  thoroughly  and  presses  the  soil  about 
them  so  firmly  that  fewer  are  lost  by  rains  and  drought.  If  a roller  is 
not  to  be  had,  a light  smoothing  harrow  or  even  a brush  may  be  used, 
but  a heavy  harrow  should  never  be  used  except  for  covering  very 
coarse  seeds.  When  the  ground  is  in  good  condition,  freshly  harrowed, 
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and  loose,  and  the  seed  can  be  sowed  just  before  a rain,  covering  is 
scarcely  necessary,  and  we  prefer  to  omit  it  altogether  rather  than  to 
use  a heavy  hauTow. 

Time  of  soicincj. — In  the  South  nearly  all  perennial  grasses  and 
clovers  will  do  better  if  sowed  in  August  or  September  than  at  any 
other  time,  as  they  then  become  vv  ell  established  before  the  winter  frosts, 
and  are  ready  to  make  such  a vigorous  growth  early  in  the  spring  that 
they  will  keej)  down  the  weeds  and  volunteer  grasses  which  so  often 
choke  out  the  spring  sowings.  Some  of  the  more  hardy  species  will  do 
well  if  sown  as  late  as  October  or  November,  though  even  for  these  the 
earlier  sowing  is  preferable.  If  the  laud  has  been  occupied  by  other 
croiDS  so  that  fall  sowing  is  not  practicable,  the  work  should  be  done  as 
early  in  the  spring  as  possible  that  the  young  plants  may  become  well 
rooted  before  the  summer  drought.  It  is  seldom  advisable  to  sow  with 
grain. 

Application  of  fertilizer. — No  satisfactory  crops  of  hay  can  be  made 
to  grow  on  soils  too  exhausted  or  too  barren  to  produce  fair  crops  of 
corn  or  cotton,  and  fertilizers  are  as  necessary  and  as  profitable  for  the 
hay  field  as  elsewhere.  The  use  of  fertilizers  is  more  important  for 
meadows  than  for  pastures,  from  the  fact  that  droppings  from  the  stock 
will  in  a great  measure  compensate  for  the  material  carried  away; 
but  when  pastures  have  been  used  so  long  that  the  ground  has  become 
hard,  and  the  more  tender  plants  have  been  killed  out  by  trampling 
and  close  grazing,  it  will  pay  well  to  plow,  fertilize,  and  reseed  the 
ground. 

Stable  manure  and  cotton  seed  are  the  best  fertilizers  for  plowing 
under  before  the  seed  is  planted,  and  a liberal  application  of  these  will 
be  all  that  is  needed  for  two  or  three  years;  but  on  permanent  meadows 
top-dressing  must  finally  be  employed  to  keep  them  in  good  condition. 
It  is  seldom  necessary  to  use  phosphoric  acid  on  soils  containing  even 
a moderate  proportion  of  lime;  but  all  the  true  grasses  are  heavy  con- 
sumers of  potash  and  nitrogen,  both  of  which  it  will  pay  to  supply  in 
liberal  quantities.  For  ordinary  soils  50  pounds  of  potash  per  acre  is 
a liberal  annual  application,  and  this  may  be  secured  by  using  400 
pounds  of  kainit,  250  of  cotton-hull  ashes,  or  100  of  muriate  of  potash. 
Estimating  the  potash  at  the  usual  rate  of  5 cents  per  pound,  the  rela- 
tive value  of  these  fertilizers  per  ton  is  as  follows:  Kainit,  $12;  cotton- 
hull  ashes,  $20;  and  muriate  of  potash,  $50;  but  as  the  market  i^rices 
are  quite  variable,  the  selection  of  the  one  for  use  will  depend  on  their 
local  cost.  For  soils  which  are  deficient  in  lime,  and  where  i:>hosphoric 
acid  is  needed,  the  cotton-hull  ashes  have  an  additional  value  of  about 
$0  per  ton  on  account  of  the  i)hosphoric  acid  which  they  contain,  and 
for  such  soils  these  ashes  are  usually  the  cheapest  fertilizer. 

When  phosphoric  acid  alone  is  needed,  it  may  be  purchased  most 
cheaply  in  the  form  of  acid  phosphate.  The  cheapest  form  in  which 
nitrogen  can  be  purchased  is  as  nitrate  of  soda  or  as  cotton-seed  meal, 
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tlie  former  having  about  double  the  amount  of  nitrogen  contained  in 
the  latter.  The  meal  contains  approximately  7 per  cent  of  nitrogen,  3 
of  phosphoric  acid,  and  2 of  potash,  which  makes  it  practically  a com- 
plete fertilizer.  It  is  one  of  the  best  materials  we  have  for  use  as  a 
top-dressing  on  grass  lands. 

It  apparently  makes  little  difference  when  phosphatic  and  potassic 
fertilizers  are  applied,  but  as  the  nitrogenous  comx)ounds  are  very 
quickly  dissolved  and  lost,  they  should  be  applied  only  for  immediate 
effect.  If  but  one  api)lication  is  to  be  made  it  should  be  given  when 
the  grass  is  commencing  its  growth  in  the  spring.  The  mixture  which 
has  given  us  the  best  satisfaction  on  grass  lands  containing  lime  has 
been  equal  weights  of  cotton-hull  ashes  and  cotton-seed  meal.  For 
lands  deficient  in  lime  we  use  the  same  mixture,  and  add  a separate 
application  of  acid  x)hosphate  early  in  the  spring.  Cotton- seed  meal 
produces  little  effect  on  the  clovers,  and  for  such  crops  we  have  found 
a mixture  of  equal  weights  of  ashes  and  land  plaster  most  effective, 
adding  the  separate  application  of  acid  phosphate  when  the  soil  is 
deficient  in  lime. 

We  have  found  no  machine  which  will  distribute  these  fertilizers 
more  evenly  and  economically  than  can  be  done  by  hand. 

DESCRIPTION  OF  THE  FORAGE  PLANTS  SUCCESSFULLY  CULTIVATED 

IN  THE  SOUTH. 

In  tests  of  forage  plants  at  the  experiment  stations  the  usual  i)lan 
has  been  to  make  the  first  sowings  of  each  species  on  small  plats  where 
they  would  receive  all  necessary  care  and  attention,  but  even  under 
these  favorable  conditions  many  species,  especially  of  those  received 
from  India  and  Australia,  failed  to  give  satisfactory  results  and  were 
discarded.  Such  species  as  succeeded  well  on  the  small  plats  were  after- 
wards sowed  in  open  fields,  where  they  received  only  ordinary  care,  in 
order  that  their  practical  value  might  be  fully  shown. 

The  special  characteristics  and  value  of  the  most  successful  species 
♦are  briefly  stated  below : 


THE  TRUE  GRASSES. 

Of  the  364  species  of  the  true  grasses,  as  distinguished  from  the 
clovers  and  other  forage  plants  which  have  been  tested  during  the  past 
five  years,  the  following  have  succeeded  best  and  seem  to  have  the 
greatest  value  for  cultivation  in  the  South : 

Japanese  rye  grass  {Agropyrum  japonicum). — In  nearly  every  location 
where  it  has  been  planted  this  grass  has  done  well.  It  is  a perennial 
which  resembles  rescue  grass,  and  like  that  species  makes  its  best 
growth  during  the  cool  months.  It  is  therefore  valuable  for  winter 
grazing,  but  its  yield  is  too  small  for  hay.  It  does  well  on  dry  ground 
and  makes  a fair  growth  from  November  to  March,  after  which  it  seeds 
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freely  and  gro’svs  but  little  during  the  summer.  It  has  done  well  at  the 
Louisiana  Station,  where  it  begins  its  growth  early  in  the  fall  and  lasts 
until  late  in  the  summer;  at  the  I^^orth  Carolina  Station  it  x>romises  to 
hold  its  own  with  orchard  grass ; at  the  Georgia  Station 
it  has  been  less  permanent,  while  in  Mississippi  it  stands 
well  on  rich  soil,  but  soon  disai)pears  from  the  poorer 
lands.  Seed  should  be  sown  in  August  or  Sex)tember, 
at  the  rate  of  40  x)ounds  per  acre.  (Fig.  1.) 

Bedtop  (Agrostis  alba). — This  has  succeeded  well  in 
permanent  x)astures  on  all  soils  containing  a fair  supi3ly 
of  moisture,  especially  in  Louisiana,  on  the  river  bottom 
lands,  and  on  the  ^^seepy^^  hills  of  the  yellow-loam 
region.  It  will  yield  one  cutting  of  hay,  and  by 
rex)eated  mowings  it  may  be  made  to  hold  its  ground 
during  the  summer,  but  its  chief  value  is  as  a part  of  the 
mixture  of  grasses  for  winter  pasture.  Its  growth  dur- 
ing the  first  season  is  rather  weak  and  disappointing, 
but  it  strengthens  and  imx^roves  with  age,  holding  its 
own  well  against  other  grasses  and  weeds,  and  is  not 
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(,  1. — Japanese 
rro  grass. 


easily  killed  by  overflows,  even  when  covered  with  water  two  or  three 
weeks  at  a time.  It  does  better  on  a clay  soil  than  on  one  which  is  too 
sandy,  and  in  favorable  locations  furnishes  good  winter  grazing.  There 
are  several  varieties  of  this  grass  which  are  much  alike  in  general 
appearance,  but  the  one  known  as  Ehode  Island  bent’’  or  creeping 
bent”  forms  the  best  sod,  and  is  the  one  to  be  preferred  for  x)astures. 
Seed  should  be  sown  early  in  the  sirring,  at  the  rate  of  25  pounds  per 
acre  if  sown  alone;  but  its  growth  is  so  weak  during  the  first  season 
that  we  have  found  it  better  to  use  from  15  to  20  x)ounds,  and  to  mix  it 


with  from  30  to  40  x>ounds  of  i)erennial 
rye  grass,  as  the  latter  makes  a quick 
and  vigorous  growth  which  disapx>ears 
at  the  end  of  the  first  season,  when 
the  redtop  will  cover  the  ground. 

Hiingarian  brome grass  (Bromus  iner- 
mis)  (also  called  smooth  brome). — This 
grass  is  a native  of  southern  Eussia, 
and  endures  our  summer  heat  and 
drought  much  better  than  does  its 
near  relative,  rescue  grass,  and,  being 
a x^erennial,  is  much  more  x>ermanent. 
It  remains  fresh  and  green  during  a 
larger  i^art  of  the  year  than  any  other 
grass  we  have  grown,  with  the  excep- 
tion of  the  large  water  grass,  and,  as 
it  is  at  its  best  during  the  late  fall 
especially  valuable  for  winter  x^astures, 


and  early  spring  months,  it  is 
In  favorable  locations  it  main- 
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tains  itself  well  against  other  grasses  and  weeds,  bears  grazing  well, 
and  is  not  injured  by  moderate  frosts.  It  produces  a great  amount  of 
long  tender  leaves  very  near  the  ground,  while  the  culms  are  slender 
and  not  numerous,  so  that  it  is  better  for  grazing  than  for  making  hay. 
It  covers  the  ground  more  evenly  than  rescue  grass,  and  for  grazing 
purposes  is  decidedly  superior  to  that  species.  Like  nearly  all  grasses 
it  makes  its  best  growth  on  rich  soils,  but  even  on  rather  thin  and  bar- 
ren fields  it  is  one  of  the  best.  Seed  is  produced  very  sparingly,  and 
is  hard  to  obtain  in  this  country.  It  should  be  sown  in  February  or 
March  at  the  rate  of  from  30  to  40  pounds  per  acre.  (Fig.  2.) 

Rescue  grass  {Bromus  unioloides). — This  is  a native  of  the  western 
part  of  the  United  States,  and  w^as  one  of  the  first  of  our  native  species 
to  be  brought  into  cultivation,  having  been  grown 
for  many  years  under  the  names  “Australian  oats,” 

“SchradeFsbrome  grass,”  etc.,  and  more  recently 
under  the  name  “Arctic  grass.”  It  is  usually  an 
annual,  though  if  grazed  closely  or  mowed  fre- 
quently the  roots  will  often  live  several  years  in 
rich  and  not  too  heavy  soil.  It  makes  the  best 
growth  during  the  cooler  months,  usually  starting 
ui)  in  October  or  November,  and  continuing  to 
grow  until  it  ripens  its  seeds  in  April  or  May,  after 
which  little  is  seen  of  it  until  cool  weather  comes 
again,  as  it  does  not  bear  heat  and  drought.  Its 
growth  largely  depends  on  the  character  of  the 
season,  and  in  favorable  years  it  gives  excellent 
pasture  from  November  to  May,  while  in  other  sea- 
sons it  may  make  but  little  growth  before  February.  On  thin  and  dry 
soils  its  growth  is  small,  from  12  to  15  inches,  but  on  rich  and  some- 
what damp  soils  it  makes  a growth  of  3 feet  or  more,  with  a large  pro- 
portion of  leaves,  which  are  tender,  sweet,  and  nutritious,  and  which 
are  renewed  very  quickly  after  being  eaten  down.  If  used  for  making 
hay,  in  a favorable  season  it  will  give  a good  cutting  in  February  and 
another  in  April,  and  the  third  crop  will  make  sufficient  seed  to  stock 
the  field  for  the  next  year.  As  its  growth  varies  so  much  wdth  different 
seasons  it  can  hardly  be  relied  u]>on  for  winter  pastures,  though  it  never 
fails  to  make  an  abundant  growth  early  in  the  spring,  and  its  chief 
value  is  for  mixing  with  other  plants  like  orchard  grass,  bur  clover, 
and  vetches.  Along  the  Gulf  coast  its  growth  is  less  dependent  on  the 
seasons,  and  in  Louisiana  it  is  regarded  as  being  one  of  the  best  winter 
grasses.  Seed  should  be  sown  in  August  or  early  in  September,  at  the 
rate  of  from  30  to  40  pounds  per  acre.  (Fig.  3.) 

Orchard  grass  {Bactylis  gloiiierata). — This  has  given  a better  winter 
growth  on  wet  and  heavy  clay  soils  with  ordinary  field  treatment 
than  any  other  grass  which  we  have  tested.  It  is  a i)erennial  v/hich 
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commences  its  spring  growth  with  the  first  warm  days  of  February, 
and  if  not  pastured,  is  ready  to  cut  for  hay  in  Ai)ril,  and  will  then 
afi’ord  excellent  grazing  until  checked  by  the  summer 
drought.  With  the  first  autumn  rains  it  starts  a new 
growth  of  leaves,  making  rich  fall  pasturage,  and  re- 
maining fresh  and  green  all  through  the  winter.  The 
hay  made  from  it  is  of  excellent  quality,  though  its 
habit  of  growing  in  large  clumps  is  against  its  use  as 
a hay  grass;  but  it  bears  grazing  well  and  recovers 
quickly  when  cropped  down.  It  does  well  when 
mixed  with  redtop,  and  succeeds  better  than  almost 
any  other  grass  in  woodland  pastures.  Sandy  soils 
are  not  suited  to  its  growth,  and  it  can  not  be  recom- 
mended for  any  light  and  thin  lands.  Seed  should 
be  sown  in  August  or  very  early  in  the  spring  at  the 
Fia.  4.-0rchard  grass,  rate  of  from  30  to  40  pouuds  per  acre.  (Fig.  4.) 

Terrell  grass  [Elymus  virginicus). — This  is  a native  perennial  grass 
which  has  received  little  attention,  but  which  is  of  considerable  value 
for  winter  pastures.  It  grows  most  abundantly  along  creek  banks,  in 
fence  rows,  and  on  the  borders  of  woodlands,  but 
with  iiroper  care  can  be  made  to  grow  on  almost  any 
soil.  This  grass  makes  its  best  growth  during  the 
fall  and  winter  months,  and  it  is  ready  to  cut  in  May, 
but  the  hay  made  from  it  is  of  inferior  quality ; its 
special  value  is  for  winter  pastures.  It  commences 
its  fall  growth  on  the  approach  of  cool  weather,  just 
before  lespedeza  is  killed  by  frosts,  and  continues 
green  and  luxuriant  until  it  begins  to  seed  in  April 
or  May.  Although  a perennial,  it  is  short  lived  un- 
der close  grazing,  and  stock  should  be  taken  from 
the  fields  sufficiently  early  to  allow  it  to  ripen  its  crop 
of  seed,  which  is  produced  in  great  abundance.  The 
land  on  which  it  grows  will  give  a crop  of  lespedeza 
during  the  summer,  which  may  be  pastured  from  June 
onward,  and  by  the  time  the  lespedeza  is  gone  the 
grass  will  be  ready  for  the  fall  and  winter  grazing.  Exx)erience  with 
Terrell  grass  at  the  experiment  stations  indicates  that,  like  rescue  grass, 
it  will  be  of  considerable  value  under  good  management,  though  of 
little  use  when  it  fails  to  receive  the  proper  attention.  Seed  should  be 
sown  in  August  at  the  rate  of  from  30  to  40  pounds  per  acre.  (Fig.  5.) 

Teosinte  (EucMcena  luxurians). — This  plant  needs  a long  season  of 
hot  weather,  a rich  soil,  and  abundant  moisture  in  order  to  succeed 
well,  and  it  is  useless  to  plant  it  where  all  these  conditions  can  not  be 
had.  It  is  a remarkably  vigorous  grower,  reaching  10  or  12  feet  in 
height,  with  an  unusually  abundant  supply  of  leaves  and  slender 
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stems  which  continue  to  grow  until  killed  by  frosts.  If  cut  when  it 
reaches  4 or  5 feet  in  height  it  makes  excellent  fodder,  and  will  pro- 
duce a second  crop  fully  as  large  as  the  first.  If  left  to  grow  until 
September  or  October  it  furnishes  excellent  material  for  the  silo,  in 
greater  amount  per  acre  than  either 
corn  or  sorghum,  and  we  have  found 
no  other  plant  which  is  its  equal  for 
soiling  purposes.  Its  leaves  are 
similar  to  those  of  sorghum,  but  much 
longer  5 the  stalks  contain  from  8 to 
10  per  cent  of  sugar.  The  plants 
stool  freely,  sometimes  as  many  as  50 
stalks  growing  from  a single  seed. 

It  has  done  fairly  well  at  the  Georgia 
and  Mississippi  Experiment  Stations 
and  very  little  in  North  Carolina,  but 
has  made  a heavier  crop  than  any 
other  plant  which  has  been  grown  at 
the  Florida  and  Louisiana  Stations 
In  Mississippi  the  heaviest  yield  has 
been  22  tons  i^er  acre,  while  the 
Louisiana  Station  reports  the  enor- 
mous yield  of  over  50  tons  of  green 
forage  per  acre.  Its  value  for  feeding  is  apparent  from  the  fact  that 
the  entire  crop  grown  at  the  Louisiana  Station  was  sold  to  local  dairy- 
men at  the  rate  of  $2  per  ton  while  standing  in  the  field.  Its  season  of 
growth  is  so  long  that  it  seldom  matures  north  of  latitude  30  degrees, 
but  it  has  ripened  well  at  the  Florida  and  Louisiana  Stations.  The 
seed,  4 to  5 pounds  per  acre,  should  be  planted  in  hills  4 or  5 feet  apart 
each  way,  about  the  time  when  cotton  is  planted,  and  the  crop  culti- 
vated like  corn.  The  greater  distance  should  be  given  on  the  richer 
soils.  (Fig.  6.) 

Bermuda  grass  (Cynodon  dactylon). — Bermuda  grass  is  to  the  South 
what  Kentucky  blue  grass  is  to  the  North,  and  is  the  best  hay  grass 
for  all  rich  soils.  It  will  grow  well  on  any  rich  soil, 
whether  wet  or  dry,  but  never  makes  a satisfactory 
growth  on  barren  soils  of  any  kind.  In  favorable  sea- 
sons it  will  give  two  cuttings,  and  on  good  soils  its  yield 
is  from  2 to  4 tons  of  hay  per  acre.  Having  very  slen- 
der stems  with  an  abundance  of  leaves  it  is  easily 
masticated  and  is  relished  by  all  kinds  of  stock,  being 
especially  valuable  for  horses  and  mules,  though  of  less 
value  for  calves  and  milch  cows.  When  once  established 
in  a field  it  is  somewhat  difficult  to  eradicate,  and  this 
is  sometimes  an  objection  to  its  general  cultivation.  The  best  method  of 
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destroying  it  is  to  plow  the  ground  immediately  after  the  hay  is  cut, 
leaving  it  as  rough  as  possible.  Plow  again  in  November  and  sow  to 
oats,  and  when  that  crop  is  harvested  plow  again  and  sow  thickly 
with  cowpeas,  which  will  smother  the  few  plants  of  the  grass  which 
may  have  survived  the  oats  and  will  leave  tlie  land  in  the  best  possible 
condition  for  any  future  crop.  As  Bermuda  grass  rarely  produces  seed 
it  is  usually  propagated  by  transplanting  the  roots.  This  may  be  done 
preferably  when  the  ground  is  thoroughly  wet  and  soft,  at  almost  any 
time  except  in  the  winter  months,  and  is  not  more  expensive  than  is  the 
seeding  of  the  ground  in  the  ordinary  manner.  Shave  off  sods  an 
inch  or  two  in  thickness,  cut  them  into  pieces  about  an  inch  square  and 
drop  on  the  new  ground  about  2 feet  ai^art  each  way,  stepping  on 
each  one  and  crowding  it  well  into  the  soft  ground  as  it  is  dropped.  If 
it  is  necessary  to  do  the  work  when  the  ground  is  too  hard  for  this 


method,  one  man  can  make  small  holes  with  a single  stroke  of  a hoe, 
while  another  drops  the  sods  and  covers  them  with  his  foot.  When 
the  ground  is  in  good  condition  and  the  sods  convenient,  one  man  can 
plant  an  acre  in  a day.  Good  stands  can  be  secured  in  time  by  scat- 
tering a dozen  or  more  sods  to  the  acre  and  then  cultivating  the  land 
in  corn  or  cotton  for  two  or  three  years,  after  which  the  grass  will  have 
become  so  well  distributed  that  the  field  will  need  only  to  be  ploAved 
and  harrowed  smooth  to  make  a good  meadow.  If  the  meadow  is 
plowed  and  harrowed  in  the  spring,  once  in  from  three  to  five  years, 
the  yield  is  greatly  increased,  and  the  grass  responds  very  quickly  to 
an  application  of  fertilizer,  especially  stable  manure.  (Fig.  7.) 

Perennial  rye  grass  {Lolium  perenne)  (also  known  as  Eandall  grass  and 
English  meadow  grass). — For  sowing  with  redtop  and  other  slow-grow- 
ing sorts  when  immediate  results  are  wanted  for  either  pasture  or  hay, 
this  is  one  of  the  best  varieties,  but  it  will  seldom  make 
a permanent  meadow  or  pasture,  as  it  can  not  endure  heat. 
It  makes  a quick  and  rax^id  growth,  covering  the  ground 
well  in  a few  weeks  after  sowing,  and  if  sown  in  the  fall  it 
will  give  a good  cutting  for  hay  in  April,  after  which  little 
will  be  seen  of  it  except  in  unusually  favorable  locations. 
It  is  important  that  the  croi>  should  be  cut  as  soon  as  well 
grown,  since  if  this  is  not  done  the  warm  rains  of  June  and 
July  cause  the  leaves  to  decay  very  raindly  and  so  smother 
the  small  x>lants  of  other  grasses  which  may  be  growing 
on  the  same  ground.  On  deep,  rich  river  bottom  lands, 
especially  in  Louisiana,  it  often  holds  its  own  for  some 
riG.s.-Perenniai  ycars  and  will  give  two  or  three  cuttings  during  each  sea- 
rjo  grabs.  common,  and  it  never  lasts  more  than 

one  season  when  closely  pastured.  Sow  seed  in  October  or  February, 
at  the  rate  of  from  50  to  60  pounds  per  acre  if  sown  alone,  or  half  that 
amount  if  with  redtop  and  other  grasses.  (Fig.  8.) 


19 


Guinea  grass  {Panicum  jumentorum). — This  is  a native  of  Africaj  and 
the  Department  first  called  attention  to  its  value  in  1873,  when  a consid- 
erable quantity  of  the  seed  was  imported  and  distribu- 
ted in  the  Southern  States.  It  is  a perennial  which 
requires  a long  season  for  its  growth,  and  since  it  rii)ens 
seed  only  in  the  extreme  South  it  is  more  commonly 
propagated  by  dividing  the  roots.  It  has  proved  to  be 
well  adapted  for  cultivation  on  the  sandy  soils  of  Flor- 
ida, especially  on  worn-out  x>ine  lands  where  few  other 
grasses  have  given  satisfactory  results.  When  allowed 
to  mature  it  grows  from  8 to  10  feet  high,  but  in  order 
to  secure  satisfactory  hay  or  forage  for  soiling,  it 
should  be  cut  when  not  more  than  3 feet  high,  and  it 
will  furnish  such  a cutting  every  month  or  six  weeks 
from  April  to  November.  Few  plants  will  yield  a 
greater  amount  of  fodder,  and  for  a region  of  only 
slight  frosts  and  frequent  rains  it  is  one  of  the  best 
forage  crops  we  have.  Plants  should  be  set  about  3 
feet  apart  each  way  in  March,  or  seed  may  be  sown  at  the  same  time. 
(Fig.  9.) 

Crab  grass  (Panicum  sanguinale). — In  the  Northern  States  this  is 
regarded  as  a troublesome  weed  and  wholly  worthless,  but  in  the  South 
its  character  is  very  different.  It  makes  a heavy  si)ontaneous  growth 
on  fields  from  which  wheat,  oats,  corn,  or  other  early 
crops  have  been  harvested,  and  on  good  soils  will 
yield  2 tons  per  acre  of  hay^  which,  if  cut  before  it  is 
too  rqoe,  is  fully  equal  in  value  to  timothy.  In  order 
to  secure  hay  of  the  best  quality  it  is  essential  that 
it  be  cut  as  soon  as  it  is  fully  grown.  On  land 
which  was  plowed  in  February,  and  on  which  no 
other  crop  was  grown,  we  have  cut  four  crops  of 
about  1 ton  each  per  acre  in  a single  season.  As  it 
makes  its  best  growth  late  in  the  fall,  and  as  the 
hay  made  from  it  costs  nothing  but  the  harvesting, 
it  is  valued  highly.  It  makes  its  best  growth  on 
the  sandy  pine  lands  along  the  Gulf  coast,  where 
it  furnishes  three  fourths  of  the  hay,  and  where 
many  of  the  planters  say  they  wish  for  no  better 

Tig.  10.— Crab  grass.  ^ • tx  • • 

hay  grass,  as  this  is  good  in  quality,  inexpensive, 
and  a sure  crop.  Mexican  clover  is  usually  found  on  the  same  lands, 
and  as  it  is  also  a volunteer  crop,  growing  at  the  same  time  with  crab 
grass,  it  adds  largely  to  the  yield,  and  is  claimed  by  many  planters  to 
improve  the  quality  of  the  hay.  (Fig.  10.) 

Texas  millet  [Panicum  texanum). — In  the  river  bottom  lauds,  especi- 
ally in  the  extreme  Southwest,  this  is  valued  highly  for  a late  hay  crop. 
It  is  an  annual,  growing  from  2 to  4 feet  high,  very  leafy,  and  better 
for  hay  than  for  grazing.  It  prefers  rich  alluvial  soils,  where  it  comes 
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in’^  as  does  tlie  crab  grass  j on  dry  uplands  its  yield  is  not  large.  Like 
crab  grass,  it  should  be  cut  early,  before  the  seeds  have  matured,  when 
it  makes  excellent  hay,  but  if  left  until  fully  ripe  the  stems  become  too 
hard  and  woody,  and  a large  part  of  the  seeds  drop 
and  are  lost.  It  has  not  succeeded  well  in  the  Atlan- 
tic States  nor  in  the  northern  parts  of  the  Gulf 
States,  but  seems  specially  adapted  for  use  on  the 
river  bottom  lands  of  the  Southwest.  Seed  may  be 
sown  at  any  time  during  the  early  summer  at  the  rate 
of  40  pounds  per  acre,  and  when  one  crop  has  been 
grown  the  land  will  not  need  reseeding.  (Fig.  11.) 

Large  ivater  grass  {Paspaltm  dilatatiim). — This  is 
a native  species  which  has  received  far  less  atten- 
tion than  it  deserves,  though  it  is  found  in  all  parts 
of  the  South,  growing  most  abundantly  on  low,  black 
soils  where  there  is  an  abundance  of  moisture.  It 
is  a perennial,  and  spreads  slowly  from  the  roots, 
but  it  seeds  freely,  and  when  once  started  will  soon 
cover  a field  where  the  soil  is  suited  to  its  growth.  It  grows  from 
2 to  5 feet  high,  and  the  stems  are  rather  coarse  for  hay  unless  cut 
early  5 but  it  produces  an  immense  amount  of  long  broad  leaves, 
which  remain  fresh  and  green  during  the  entire  winter  excepting  after 
unusually  heavy  frosts.  It  endures  the  longest  droughts  without  injury, 
bears  grazing  well,  starts  into  growth  early  in  the  spring,  and  is  one  of 
our  best  pasture  grasses.  Its  habit  of  growing  in  clumps  is  against  its 
use  for  hay,  but  it  is  an  excellent  variety  for  mixing  with  redtop  for 
permanent  pastures,  as  it  grows  best  on  the  same  character  of  soil  and 
largely  increases  the  yield.  Seed  is  rarely  found 
in  the  market,  but  a supply  can  be  gathered  with 
little  trouble  5 it  may  be  sown  as  soon  as  gathered 
or  early  in  the  spring. 

Carpet  grass  [Paspalmn  platyeaule). — On  the 
sandy  soils  of  the  South  Atlantic  and  Gulf  States 
this  is  the  most  desirable  of  all  grasses  for  pas- 
tures, though  its  growth  is  too  flat  and  spreading 
to  make  it  of  value  for  hay.  It  is  a perennial  and, 
as  its  name  indicates,  hasa  creeping  habitof  growth 
which  covers  the  ground  rai^idly  and  thoroughly. 

It  is  not  injured  by  either  frost  or  drought,  and 
will  bear  more  hard  trampling  and  close  grazing 
than  any  other  grass  which  has  been  planted  in 
these  tests.  It  is  seldom  found  on  the  unsettled 
lands  which  have  not  been  trampled,  but  whenever 
a field  is  pastured  closely  it  soon  “comes  in”  and  gives  good  grazing 
during  the  entire  ‘year.  It  prefers  a sandy  soil  to  one  which  is  heavy, 
and  will  grow  well  even  where  the  sand  is  quite  loose,  provided  it  be 
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well  trampled,  as  the  trampling  seeming  to  be  essential  to  its  successful 
growth  on  any  soil.  It  starts  well  from  the  seed,  and  when  once  estab- 
lished grows  rapidly,  a single  plant  often  covering  from  10  to  20  square 
feet  in  the  season.  It  roots  at  every  joint  like  Bermuda  grass,  but 
unlike  that  plant  it  is  not  injured  by  frosts  and  is  readily  destroyed  by 
cultivation.  It  can  be  introduced  into  new  fields  as  directed  for  Ber- 
muda grass,  or  if  it  is  mowed  late  in  the  season,  after  the  seed  has 
matured  and  the  hay  is  scattered  over  the  new  field,  it  will  soon  make 
good  pasturage.  (Fig.  12.) 

Timothy  (Phleiim  pratense). — Although  this  has  been  planted  repeat- 
edly, not  only  on  the  grounds  of  the  stations,  but  in  other  places  as 
well,  it  has  rarely  given  satisfactory  returns,  and  usually  disappears 
during  the  second  or  third  year  from  seeding.  It  has  done  better  at 
the  Korth  Carolina  Experiment  Station  than  elsewhere. 

Kentuchy  blue  grass  {Poa  pratensis). — This  has  not  given  the  uniform 
success  here  which  it  has  farther  north,  though  in  many  places,  espe- 
cially in  North  Carolina,  northern  Georgia,  and  on  the 
lime  soils  of  northern  Mississippi,  it  is  of  considerable 
value.  On  low  ground,  where  the  soil  is  dark- colored 
and  contains  an  abundance  of  lime,  and  on  ^^seepy’^ 
hillsides,  we  have  seen  a few  pastures  of  this  grass 
which  afforded  good  grazing  in  the  late  fall  and  winter 
months,  but  it  is  useless  to  sow  it  on  the  dry  clay  hills 
or  in  the  sandy  pine  woods  region.  Here  it  remains 
almost  dormant  during  the  hot  weather  and  its  chief 
value  is  for  mixing  with  Bermuda  grass,  lespedeza,  and 
other  summer-growing  species.  Seed  should  be  sown 
in  September,  at  the  rate  of  40  pounds  per  acre.  It 
shows  but  little  during  the  first  year  from  seeding, 
but  if  the  soil  is  suitable  it  continues  to  improve  for 
many  years.  (Fig.  13.) 

German  millet  {Setaria  italica). — When  a crop  of  hay  is  wanted  from 
land  which  has  been  occupied  by  oats  or  any  other  early  crop,  German 
millet  can  often  be  used  to  advantage.  It  is  a grass  which  requires 
rich  land  and  which  is  very  exhaustihg  to  the  soil;  it  should  not  be  put 
on  land  which  is  to  be  used  next  for  cotton  or  grain,  though  it  may 
often  be  used  to  precede  clover  or  the  seeding  of  the  field  for  a per- 
manent pasture.  If  cut  early  before  the  seeds  begin  to  harden  it  makes 
excellent  hay,  but  if  the  seeds  are  allowed  to  mature  the  stems  become 
so  hard  and  woody  that  they  are  not  eaten  well,  and  the  seeds,  if  fed 
in  any  considerable  quantity,  are  often  injurious  to  horses  and  mules, 
though  not  so  to  cattle.  The  crop  sometimes  fails  on  account  of  a 
drought  soon  after  sowing,  but  if  rains  follow  so  as  to  germinate  the 
seed  and  give  the  plants  a fair  start,  they  sutler  but  little  from  later 
droughts.  There  are  several  varieties,  differing  i:>rincipally  in  size,  the 
form  known  as  German  millet”  being  the  largest,  growing  from  3 to 
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5 feet  liigh  and  making  the  best  yield  on  heavy  soils ; the  common  mil- 
letj”  growing  from  2J  to  4 feet  high,  and  being  the  best  variety  for 
light  soils  5 and  the  ‘^Hungarian  millet/’ which  is  the 
smallest  and  most  quickly  maturing  sort  of  the  three. 
Seed  may  be  sown  at  almost  any  time  during  the  summer, 
even  as  late  as  the  first  of  August,  at  the  rate  of  from  25 
to  30  x>ounds  per  acre. 

Johnson  grass  (Sorghum  haJepense). — This  is  at  the 
same  time  one  of  the  most  valuable  grasses  and  one  of 
the  most  troublesome  weeds  to  be  found  in  the  South.  It 
is  a perennial,  which  is  easily  propagated  by  either  seeds 
or  roots,  and  which  makes  its  best  growth  on  rich  bot- 
tom lands,  where  it  soon  occupies  the  whole  ground,  giv- 
ing three  cuttings  of  about  2 tons  each  when  in  good 
condition.  The  i>lanter  who  wishes  to  grow  hay  and 
nothing  else,  and  who  has  no  regard  for  the  rights  of 
his  neighbors,  will  find  this  a valuable  species.  We  have 
never  seen  it  x>ermanently  cleared  from  a field  where  it  had*  once  become 
thoroughly  established.  (Fig.  14.) 

LEGUAIINOUS  PLANTS. 

While  the  true  grasses  will  always  furnish  the  bulk  of  the  hay  crop 
and  the  greater  x)art  of  the  x:)astures,  the  cultivation  of  the  clovers, 
melilotus,  cow^oeas,  and  other  leguminous  plants  is  an  essential  x)art  of 
all  successful  farming,  on  account  of  the  marked  effect  which  they  have 
in  fertilizing  and  preparing  the  soil  for  future  crops.  The  parts  of  the 
jDlants  which  are  above  the  soil  are  valuable  as  food  for  stock,  and  those 
parts  which  are  below  the  surface  of  the  ground  are  often  of  equal  value 
as  food  for  future  crops.  This  is  especially  true  in  the  Southern  States, 
where  the  subsoil  is  often  very  compact  and  impervious  to  water,  and 
where  the  long-continued  heat  hastens  nitrification  and  causes  the  rapid 
destruction  and  waste  of  vegetable  matter  in  the  soil.  As  all  of  the 
legumes  are  deei)-rooting  plants,  they  aid  greatly  in  loosening  the  sub- 
soil, and  in  consequence  cause  it  to. suffer  less  from  excessive  rains  or 
from  drought  j they  furnish  a large  amount  of  humus,  and  with  a proper 
rotation  of  crops  will  furnish  all  the  nitrogen,  the  most  expensive  ele- 
ment in  fertilizers,  that  will  be  needed  for  other  crops.  Soils  may  be 
rested  and  greatly  improved  by  the  growing  of  true  grasses,  but  the 
same  effects  can  be  secured  more  rapidly,  economically,  and  profitably 
with  leguminous  croj^s,  which  at  the  same  time  will  furnish  better  graz- 
ing and  hay  for  all  fattening  and  milch  animals. 

There  are  but  few  of  the  legumes  which  will  make  i:>ermanent  pas- 
tures or  meadows,  and  for  such  fields  the  true  grasses  must  be  the 
main  dependence,  but  in  most  cases  the  planter  will  find  it  more  imofit- 
able  to  follow  a rotation  which  will  keep  his  land  in  forage  crops  only 
so  long  as  may  be  necessary  to  prepare  it  for  other  crops,  and  for  this 
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two  years  is  usually  sufficient.  While  leguminous  crops  are  restorative 
in  the  highest  degree  for  a few  years,  their  long  continued  cultivation  on 
the  same  ground  finally  renders  the  soil  incai)able  of  reproducing  them 
profitably.  A rotation  of  crops  is  universally  recognized  as  being  an 
essential  to  the  highest  success  in  farming,  and  this  rule  applies  to 
forage  corps  as  well  as  to  those  cultivated  with  the  plow  and  hoe.  In 
the  Southern  States  the  planter  has  his  choice  among  a large  number 
of  these  restorative  croj^s,  which  vary  from  three  months  to  as  many 
years  in  completing  their  growth,  and  some  one  of  which  will  be  found 
suited  to  almost  every  circumstance  in  which  such  a crop  may  be 
wanted. 

In  exj)eriments  conducted  under  the  writer’s  supervision  the  follow- 
ing species  were  found  to  be  the  most  valuable  of  the  leguminous  x)lants : 

Cowpea  (Bolichos  sinensis). — There  is  no  other  crop  which  is  planted 
so  extensively  in  the  South,  both  for  its  hay  and  its  fertilizing  value, 
and  we  have  found  no  other  plant  which  will  produce  as  large  an 
amount  of  forage  and  valuable  fertilizing  material  in  as  short  a time. 
It  may  be  sown  at  almost  any  time  during  the  summer,  will  grow  on 
any  soil  excet)t  the  most  barren,  and  makes  excellent  hay  and  pasture. 
Its  long  deep  roots  bring  a large  amount  of  i)lant  food  from  the  subsoil 
and  leave  it  near  the  surface,  where  it  is  available  for  future  crops. 
There  are  many  varieties  of  the  plant,  which  arc  quite  different  in  their 
habit  of  growth.  Some,  like  the  Unknown  and  the  Clay,  produce  an 
immense  growth  of  vine,  and  require  a long  season,  while  others,  like 
the  “Pea  of  the  Backwoods,”  are  quite  dwarf  and  mature  in  two 
months  from  planting.  Seed  of  most  varieties  must  be  sown  every 
year,  though  of  some,  like  the  Bed  Tory,  the  seed  may  be  xdowed  under 
in  the  fall,  and  the  land  sown  in  oats,  when  another  crop  will  be  i)ro- 
duced  after  the  oats  are  harvested.  When  sown  broadcast  after  wheat, 
oats,  or  other  early  crop,  the  running  sorts  make  a heavy  yield  of  hay, 
which,  although  somewhat  difficult  to  cure,  is  of  the  very  best  quality. 
Hay  of  this  kind  is  used  almost  exclusively  to  furnish  forage  for  mules 
on  the  sugar  plantations  of  Louisiana.  By  growing  such  a crop  hay 
is  made  at  a very  small  expense,  and  the  soil  is  shaded  during  the 
driest  and  hottest  months,  and  left  loose  and  mellow  and  in  the  best 
possible  condition  for  any  future  crop. 

It  is  often  desirable  to  plow  under  some  irreen  croi)  when  it  is  impos- 
sible to  give  up  the  land  for  the  two  years  necessary  to  grow  a croi:>  of 
red  clover  or  melilotus,  and  in  such  cases  we  have  no  other  plant  which 
can  take  the  place  of  cowpeas.  Many  planters  use  the  dwarf  varieties 
for  planting  between  the  rows  of  corn  or  cotton  at  the  last  plowing,  as 
when  grown  in  this  way  they  do  not  interfere  with  the  growing  crop 
and  will  give  a fair  yield  of  seed.  The  decaying  vines  make  a most 
excellent  covering  for  the  soil  during  the  winter,  or  they  may  be  used 
for  late  pasture.  The  roots  iienetrate  the  soil  as  deeply  as  those  of 
red  clover,  a fact  which  makes  the  crop  especially  valuable  for  heavy 
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soils  requiring  drainage.  There  is  no  other  crop  which  will  furnish  the 
same  amount  of  material  for  plowing  under  at  so  small  a cost.  When 
land  is  not  in  use  for  other  crops  for  even  two  months  during  the  sum- 
mer it  will  always  i)ay  well  to  seed  it  with  i^eas,  as  the  seed  or  forage 
which  can  be  gathered  will  fully  pay  the  cost  of  seeding  and  leave  the 
fertilizing  value  of  the  crop  as  clear  profit.  Seed  may  be  sown  at  any 
time  from  May  to  August,  the  amount  per  acre  depending  upon  the 
variety  and  time  of  sowing.  If  one  of  the  large  varieties  is  i)lanted  in 
hills  early  in  the  season  two  quarts  will  plant  an  acre,  but  if  dwarf 
varieties  are  sown  broadcast  in  August  not  less  than  a bushel  should 
be  used. 

Lespedeza,  or  Japan  clover  [Lespedeza  striata). — This  plant,  which  came 
to  this  country  from  Japan,  was  first  noticed  in  South  Carolina,  but  has 
now  become  naturalized  as  far  west  as  Texas  and  north  to  the  Ohio 
Kiver.  It  is  an  annual  which  periietuates  itself  without  care,  and  will 
make  a fair  growth  on  the  poorest  and  driest  clay  hills.  It  starts 
rather  late  in  the  spring,  making  little  show  before  June;  but  from 
that  time  on  it  grows  rapidly,  and  is  eaten  greedily  by  all  kinds  of  stock 
until  killed  by  frost.  On  sterile  soils  its  growth  is  flat  and  spreading, 
and  it  is  fit  only  for  pasture;  but  where  the  soil  is  of  good  quality  it  will 
grow  from  20  to  30  inches  high  and  yield  2 tons  per  acre  of  hay  which 
is  fully  equal  in  value  to  the  best  clover,  and  is  the  most  profitable  hay 
which  can  be  grown  on  thin  soils  for  feeding  to  milch  cows  and  fatten- 
ing animals.  This  is  not  only  one  of  the  best  hay  and  pasture  plants, 
but  it  is  also  one  of  the  best  for  fertilizing  purposes,  as  it  sends  its  roots 
deep  into  the  ground,  and  will  grow  on  soils  too  barren  for  the  growth 
of  other  legumes.  Like  most  other  plants  belonging  to  the  same  fam- 
ily, it  does  best  on  a lime  soil,  but  it  will  do  well  on  the  red  clay  hills 
where  red  clover  and  melilotus  fail.  It  has  not  succeeded  well  on  the 
sandy  soils  of  the  pine  woods  region.  Seed  should  be  sown  at  the  rate 
of  a half  bushel  per  acre,  with  oats  in  the  fall,  or  by  itself  early  in  the 
spring. 

Alfalfa  (Medicago  sativa). — This  plant  makes  such  heavy  yields  in 
favorable  locations  that  it  has  received  special  attention  at  the  experi- 
ment stations,  but  has  given  widely  varying  results.  On  moderately 
ricli  and  sandy  soils  it  has  proved  quite  valuable  for  soiling  j^urposes, 
furnishing  cuttings  as  early  as  February,  with  frequent  successions 
until  late  in  the  summer,  while  on  dry  hills  or  heavy  clay,  and  on  soils 
where  there  is  a lack  of  drainage  its  growth  has  been  weak  and  unsat- 
isfactory. It  has  made  a better  growth  on  the  alluvial  soil  of  the  Lou- 
isiana Station  than  any  other  hay  and  pasture  plant  which  has  been 
tested,  and  is  the  only  plant  yet  found  which  will  successfully  occupy  the 
ground  throughout  the  entire  year.  At  that  station  the  first  sowing 
was  made  in  October,  1890;  and  in  June,  1892,  twenty  months  after 
planting,  fourteen  cuttings,  averaging  nearly  tons  per  acre,  had  been 
taken  from  the  land.  Another  field  sowed  in  March,  1892,  had  given 
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two  cuttings  by  the  end  of  June.  At  the  Mississippi  Station  a field 
was  sown  in  1889  wliicb  gave  tliree  cutting  of  about  IJ  tons  each  in 
1890,  while  in  1892  the  yield  bad  decreased  to  three  cuttings  of  about 
1 ton  each.  In  Florida  it  has  succeeded  well  when  a stand  has  been 
secured,  while  in  Georgia  and  North  Carolina  it  has  been  less  promis- 
ing. It  is  difficult  to  secure  a full  stand,  as  the  young  plants  are 
easily  killed  by  either  excessive  rains  or  a hot  sun,  and  we  have  found 
September  and  October  the  most  favorable  months  for  sowing  the 
seed.  Sow  at  the  rate  of  from  20  to  25  pounds  per  acre. 

Bur  clover  (Medicago  maculata). — This  is  an  annual  plant  which  makes 
good  winter  grazing  on  rich  soils,  but  which  is  worthless  for  summer 
use  and  of  little  value  for  hay.  It  is  essentially  a winter  grower, 
being  at  its  best  from  February  to  May,  after  which  it  ripens  its 
seed  and  soon  disappears.  Horses  do  not  eat  it  well  when  other  clovers 
or  grasses  are  abundant,  but  cattle  seem  quite  fond  of  it  and  hogs  eat  it 
greedily.  We  have  found  it  an  excellent  plant  for  sowing  on  Bermuda 
grass  land,  as  it  matures  its  seed  and  dies  at  about  the  time  the  Bermuda 
grass  starts  into  growth,  and  when  the  latter  is  killed  by  frosts  this 
soon  takes  its  place.  A mixture  of  these  two  plants  comes  nearer  giv- 
ing continuous  grazing  than  any  other  mixture  we  have  tested.  For  its 
best  growth  this  clover  should  have  a light  and  rich  soil,  and  in  such  a 
soil  will  reseed  the  ground  freely,  even  though  the  field  be  plowed  for  a 
summer  crop.  Sow  in  August  at  the  rate  of  15  pounds  per  acre. 

Melilotus  (3Ielilotus  alba). — This  plant  bears  a close  resemblance  to 
alfalfa,  but  is  larger  and  coarser  in  every  way  and  is  especially  adapted 
for  use  on  calcareous  soils.  It  will  make  an  excel- 
lent growth  on  any  lime  lands,  even  on  the  rotten 
limestone”  hills  and  on  soils  so  barren  that  they 
will  sustain  no  other  plants,  but  it  is  of  almost  no 
value  on  the  red  clays  and  the  sandy  pine  woods 
soils,  which  contain  little  lime.  It  is  a biennial 
plant,  making  only  a moderate  growth  the  first  sea- 
son, but  during  the  second  season  it  will  grow  from 
4 to  7 feet  in  height  if  not  cut,  and  make  stronger 
and  heavier  roots  than  any  other  forage  crop.  At 
the  end  of  the  second  season  it  matures  its  seed 
and  dies,  and  the  roots  then  decay  quickly.  It  is 
not  generally  liked  by  animals  unaccustomed  to  it, 
but  as  it  starts  into  growth  very  early  in  the 
spring  when  other  green  forage  is  scarce,  stock 
turned  on  it  at  that  time  soon  acquire  a taste  for 
it  and  eat  it  readily  throughout  the  remainder  of  the  season.  When 
grown  for  hay  one  and  sometimes  two  crops  can  be  cut  in  the  fall  after 
sowing  in  the  spring,  and  during  the  next  season  two  or  three  crops 
may  be  cut.  Unless  cut  early  the  stems  become  hard  and  woody,  and 
in  all  cases  care  is  necessary  in  handling  in  order  to  prevent  the  loss  of 
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leaves  wliicli  readily  drop  from  the  stems.  Excellent  hay  maybe  made 
by  sowing  it  on  lands  which  have  been  set  in  Johnson  grass,  the  mix- 
ture seeming  to  improve  the  palatability  of  both.  From  land  cultivated 
in  this  manner  we  have  seen  three  cuttings  of  about  2 tons  each  made 
in  a season.  .\s  a restorative  crop  for  yellow  loam  and  white  lime 
lands  this  idant  has  no  superior,  and  for  black  prairie  soils  it  has  no 
equal.  The  roots  are  very  long,  penetrating  the  soil  to  a depth  of  3 
or  4 feet,  are  quite  large,  and  by  their  decay  at  the  end  of  the  second 
year  leave  the  soil  with  innumerable  minute  holes,  which  act  as  drains 
to  carry  off  the  surplus  water  and  loosen  the  soil  so  that  the  roots  of 
other  crops  can  go  decider,  find  more  abundant  supplies  of  food,  and 
bear  drought  better.  While  the  hay  from  this  plant  will  not  sell  as 
well  as  that  from  lespedeza,  the  crop  is  heavier,  furnishes  pasture 
earlier  in  the  spring,  and  is  by  far  the  most  valuable  crop  we  have  for 
a natural  fertilizer.  Seed  should  be  sown  in  August  or  February  at 
the  rate  of  half  a bushel  per  acre.  (Fig.  15.) 

AlsiJce  clover  (Trifolium  hyhridum). — This,  too,  varies  greatly  with  the 
soil  on  which  it  is  grown,  succeeding  best  on  rather  low  and  rich  soils, 
and  doing  well  on  soils  which  are  too  wet  and  heavy  for  the  growth  of 
any  other  clovers.  It  is  a x)erennial,  similar  to  the  white  clover  in  its 
persistency  and  general  habit,  but  having  nearly  the  size  and  vigor 
of  the  red  clover,  which  makes  it  one  of  the  best  of  pasture  j)lants  on 
suitable  soils.  Its  yield  of  hay  is  light,  but  it  bears  grazing  well,  grows 
thriftily,  and  bears  heavy  frosts  without  injury.  It  has  grown  well  on 
heavy  and  ^^seepy”  clay  soils,  bub  has  been  of  little  value  in  dry  upland 
fields  as  drought  injures  it  seriously  and  it  soon  disappears  from  fields 
where  it  does  not  have  an  abundant  supifiy  of  moisture.  It  is  the  best 
of  the  clovers  for  mixing  with  redtop,  as  it  requires  the  same  character 
of  soil  and  remains  in  good  condition  long  after  the  grass  has  ceased 
growing.  Sow  in  August  or  February  at  the  rate  of  10  x^ounds  i)er 
acre. 

Crimson  clover  ( Trifolium  incar natnm)  (also  known  as  scarlet  clover). — 
This  clover  has  attracted  great  attention  in  the  South  during  the  last 
three  or  four  years,  but  the  position  which  it  will  finally  hold  is  still 
uncertain.  It  has  succeeded  better  and  seemed  to  be  more  at  home  on 
the  Atlantic  coast  than  elsewhere,  and  has  given  better  results  at  the 
North  Carolina  Exx)eriment  Station  than  in  either  Georgia  or  Missis- 
sippi. It  has  also  done  well  in  Louisiana,  and  in  speaking  of  its  growth 
there  Prof.  Stubbs  says : “ It  is  thoroughly  at  home  in  every  x)art  of 
the  State,  making  a large  crop  of  excellent  hay.  A combination  of 
this  crop  and  cowpeas  affords  the  readiest  means  of  quickly  restoring 
worn-out  lands  or  of  furnishing  a continual  supply  of  fresh  hay  for 
stock.”  It  is  an  annual  which  commences  its  growth  with  the  autumn 
rains,  often  affording  good  pasturage  from  November  to  April,  when  it 
matures  its  seed  and  dies.  On  favorable  soils  it  reseeds  the  ground 
freely  and  so  will  produce  successive  crops  from  a single  seeding,  even 
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Fig.  16.— Crimson  clover. 


though  the  ground  he  ploTv^ed  and  used  for  short  summer  crops  like 
oats  or  millet.  Hay  made  from  it  is  of  good  quality,  and  a yield  of  2 
tons  per  acre  is  not  uncommon,  though  as  it  matures  during  cool 
weather  the  hay  is  somewhat  difficult  to  cure. 

It  makes  excellent  grazing  during  the  fall 
months  after  most  other  feed  becomes  dry  and 
scarce.  Its  principal  value,  however,  is  as  a 
green  crop  to  be  idowed  under,  as  it  can  be  sown 
in  the  fall  for  plowing  under  in  the  spring,  while 
the  cowpea,  melilotus,  and  most  other  green 
manuring  crops  are  summer  growers  and  should 
be  plowed  under  in  the  fall.  It  varies  greatly 
with  the  soil  where  it  is  grown,  appearing  to  be 
most  successful  on  rather  heavy  clays  contain- 
ing but  little  lime,  and  it  has  made  only  a weak 
and  unsatisfactory  growth  when  planted  on  the 
light  sandy  soils  of  the  Gulf  coast,  although  it 
made  one  heavy  crop,  followed  by  two  failures, 
at  the  Florida  Station.  At  the  North  Carolina 
Station  itis  valued  highly,  and  good  crops  have  been  secured  by  sowing 
the  seed  broadcast  in  September  and  October  without  any  previous  x)re- 
paration  of  the  ground,  though  on  other  places  only  a few  miles  distant, 
where  the  ground  dries  and  crusts  very  quickly,  thorough  x>reparation 
of  the  land  and  earlier  sowing  have  been  found  necessary.  Sow  from 
10  to  15  pounds  of  seed  per  acre.  (Fig.  IG.) 

Red  clover  (Trifolhim  pratevse). — Until  recently  it  has  been  thought 
that  red  clover  could  not  bo  grown  in  the  Southern  States,  but  our 
experience  has  been  that  on  suitable  soils  and  with  i)rox)er  management 
it  will  grow  fully  as  well  here  as  in  any  of  the  Northern  States,  and  that, 
while  it  does  not  last  as  long  here,  its  yield  is  heavier,  and  on  account 
of  its  more  rapid  growth,  the  quality  of  hay  is  better.  In  North  Caro- 
lina it  has  succeeded  well  and  has  maintained  a full  stand  longer  than  in 
most  other  sections  j while  on  the  sandy  white  soil  of  the  Florida  Sta- 
tion it  has  done  but  little.  At  the  Louisiana  Station  it  has  made  a vig- 
orous growth,  affording  two  large  cuttings  during  the  first  season,  but 
it  soon  succumbs  to  the  encroachments  of  native  grasses.  At  the  Mis- 
sissii^pi  Station  on  rich  creek  bottom  and  on  black  x)rairie  soils  it  has 
given  excellent  results,  making  2 tons  of  hay  x)er  acre  in  May,  another 
ton  in  June,  and  in  favorable  seasons  another  ton  in  Sex)tember,  though 
the  last  cutting  has  been  unreliable  on  account  of  summer  droughts. 
Where  such  yields  can  be  made  it  is  one  of  the  best  crox)S  which  can  be 
grown,  but  there  are  many  localities  in  the  South  where  it  has  not  been 
found  iprofitable.  It  requires  a soil  which  is  rich  and  in  fairly  good 
condition  to  secure  a catch of  the  seed,  and  on  many  soils  where  it 
makes  a promising  start  and  yields  two  or  three  cuttings  it  soon  becomes 
overrun  with  the  native  grasses  and  is  choked  out.  Ordinarily  it  will 
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not  pay  to  grow  it  more  than  two  years  on  the  same  ground,  as  by  the 
end  of  that  time  it  will  have  done  its  best  work  in  fertilizing  the  soil, 
and  the  land  will  give  better  returns  if  the  last  crop  of  clover  is  plowed 
under  and  the  field  ifianted  to  some  other  croj).  As  the  plants  produce 
seed  abundantly  here  and  are  not  infested  with  the  insects  which  have 
recently  caused  so  much  damage  to  the  croj)  in  the  Northern  States, 
theie  seems  to  be  no  reason  why  the  seed  croi)  should  not  become  of 
considerable  importance. 

Eed  clover  is  a universally  recognized  standard  in  estimating  the 
values  of  all  other  crops,  when  grown  either  for  hay  or  as  a green 
manure,  and  we  have  made  special  efforts  to  test  it  on  as  great  a 
variety  of  soils  as  i)ossible,  and  do  not  hesitate  to  recommend  it  for  all 
rich  soils  which  are  in  good  mechanical  condition  5 but  it  is  useless  to 
sow  it  on  barren  fields,  or  on  rough  and  i^oorly  jjrepared  lands  of  any 
kind.  It  seems  best  suited  for  growth  on  alluvial  and  black  prairie 
soils,  and  has  never  been  satisfactory  on  sandy  or  white  lime  lands. 
August  sowings  have  given  the  best  satisfaction,  as  the  plants  from 
such  sowings  are  sufficiently  strong  to  keep  down  any  growth  of  wild 
grasses  and  weeds  the  next  spring,  and  will  give  a heavy  cutting  of 
hay  in  May.  If  sown  in  February,  the  more  common  time,  the  first 
cutting  will  be  principally  of  volunteer  grasses,  but  the  clover  will 
give  two  good  cuttings  later.  Sowing  with  oats  in  February  is  often 
successful,  but  the  clover  is  often  injured  by  cutting  the  oats,  thus 
removing  the  shade  just  at  the  beginning  of  the  hot  weather.  Sow 
1 bushel  of  the  seed  to  each  5 acres. 

Hairy  vetch  { Vida  villosa). — Of  the  28  vetches  which  the  Depart- 
ment has  tested  this  is  by  far  the  best.  Seed  of  this  species  was 
first  sown  in  October,  1888,  and  since  that  time  it  has  given  heavy 
annual  crops  on  the  same  ground,  although  it  has 
received  no  attention  and  the  ground  has  not  been 
plowed  since  the  first*  sowing.  In  1889  another 
field  was  sown  and  has  given  equally  good  results. 
It  is  an  annual  plant,  similar  in  growth  to  a very 
slender  and  straggling  pea  vine,  the  vines  often 
reaching  10  or  12  feet  in  length  and  covering  the 
ground  with  a dense  mat  of  forage  2 feet  in  depth. 
Its  seeds  germinate  with  the  first  autumn  rains  and 
in  a favorable  season  cover  the  ground  by  the  first 
of  January  and  then  furnish  good  grazing  until 
April  or  May.  If  stock  are  taken  off  the  field  in 
March  the  plants  will  mature  and  reseed  the  ground 
freely  for  the  next  year,  but  if  pastured  until  June 
the  stand  will  be  destroyed.  Stock  of  all  kinds  eat 
it  greedily,  both  in  the  pastured  and  when  cut  for  hay.  It  bears  our 
heaviest  frosts  without  injury  and  it  is  one  of  the  few  plants  which  can 
be  grown  during  the  winter  for  green  manuring.  (Fig.  17.) 
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There  is  another  vetch  ( Yicia  sativa),  the  one  commonly  known  simply 
as  vetch,”  which  is  quite  largely  grown  in  some  sections  of  the  South, 
but  it  is  smaller  in  its  growth,  less  hardy,  and  in  every  way  inferior  to 
the  hairy  vetch.  The  two  are  easily  distinguished,  as  the  hairy  vetch 
has  a dark-green  hairy  leaf  and  large  clusters  of  purple  flowers,  while 
the  common  vetch  has  a light- green  smooth  leaf  and  small  clusters  of 
pink  flowers. 

We  regard  the  hairy  vetch  as  being  the  most  valuable  winter  forage 
plant  which  the  Department  has  imported,  and  unhesitatingly  recom- 
mend it  for  cultivation  on  all  rich  soils.  Sow  in  August  or  September, 
at  the  rate  of  2 bushels  per  acre. 

MEXICAN  CLOVER  (BicJiardsonia  scabra). 

This  is  not  a true  clover,  but  takes  its  name  from  its  habit  of  growth, 
which  is  similar  to  that  of  red  clover.  It  is  an  annual,  a native  of  Mex- 
ico and  Central  America,  and  has  become  thoroughly  naturalized  in  all 
the  southern  part  of  the  pine-woods  region.  A sandy  soil  seems  essen- 
tial to  its  growth  and,  like  the  crab  grass,  it  is  much  more  abundant  in 
cultivated  fields  than  elsewhere,  coming  up  after  other  crops  are  har- 
vested and  making  its  best  growth  late  in  the  season.  It  is  of  little 
value  for  pasture,  but  when  cut  for  hay  the  yield  is  often  2 tons  or 
more  per  acre.  The  hay,  which  is  usually  mixed  with  more  or  less  crab 
grass,  is  of  excellent  quality.  While  its  roots  do  not  go  as  deep  as 
those  of  the  true  clovers,  it  makes  such  a rank  growth  tha{  it  is  of 
considerable  value  as  a fertilizer  and  for  covering  the  ground  through 
the  winter. 

SUMMARY. 

With  reference  to  the  selection  of  forage  plants  adapted  to  different 
regions,  the  soils  of  the  South  Atlantic  and  Gulf  States  may  be  classi- 
fied as  follows : 

(1)  Yellow  loam  soils,  (2)  alluvial  and  river  bottom  soils,  (3)  black 
prairie  soils,  (4)  pine  woods  soils. 

The  forage  plants  most  successfully  grown  for  different  purposes  on 
these  soils  are  enumerated  below : 

Forage  plants  for  yellow  loam  soils. — For  permanent  meadows  on 
rich  laud,  Bermuda  grass  j for  a hay  crop  to  occupy  rich  land  two  years, 
red  clover  5 for  a single  hay  crop  on  fair  soils,  cowpeas;  on  poor  soil, 
lespedeza.  For  permanent  pastures  Bermuda  grass  and  lespedeza,  to 
which  may  be  added  on  dry  soils  orchard  grass,  Hungarian  brome 
grass,  and  bur  clover;  on  wet  soils  the  addition  should  consist  of 
redtop,  water  grass,  and  alsike  clover.  Crimson  clover,  rescue  grass, 
Terrell  grass,  and  hairy  vetch  are  recommended  for  winter  pasture. 

Forage  plants  for  the  alluvial  and  river  bottom  soils. — For  permanent 
meadows,  Bermuda  grass  and  red  clover ; on  wet  spots,  redtop ; and  on 
well-drained  soils,  alfalfa.  For  a hay  crop  for  a single  season,  les- 
pedeza or  German  millet.  For  pastures,  Bermuda  grass,  lespedeza. 
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redtop,  alsike  clover,  bur  clover,  alfalfa,  Japanese  rye  grass,  large 
water  grass,  and  Terrell  grass. 

Forage  plants  for  the  hlaclc  prairie  soils. — For  hay,  Bermuda  grass, 
red  clover,  and  melilotus.  For  a hay  crop  for  a single  season,  lespedeza. 
For  a catch  crop,  following  oats,  potatoes,  etc.,  cowpeas  or  German 
millet.  For  i)astures,  Bermuda  grass,  lespedeza,  melilotus,  alsike 
clover,  Hungarian  brome  grass,  orchard  grass,  redtop,  bur  clover,  and 
hairy  vetch. 

Forage  plants  for  the  pine  woods  soils. — For  hay,  Bermuda  grass, 
crab  grass,  Mexican  clover,  alfalfa,  crimson  clover,  and  lespedeza.  For 
pastures,  crimson  clover,  Japanese  rye  grass,  orchard  grass,  carpet 
grass,  and  large  Avater  grass. 

It  must  be  remembered  that  variations  in  local  conditions  of  soil  and 
climate  make  it  necessary  to  exercise  great  care  in  the  selection  of 
forage  plants  for  iDarticular  purposes.  The  more  complete  statements 
of  the  conditions  under  which  different  species  have  proved  successful, 
given  in  the  body  of  this  bulletin,  should  be  considered  in  detail  before 
definite  conclusions  are  drawn  regarding  the  value  of  particular  jdants 
for  any  locality. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Division  of  Entomology, 
Washington j D.  6\,  January  17^  1895, 
Sir:  I have  the  honor  to  transmit  herewith  a revised  edition  of 
Farmers^  Bulletin  No.  19,  a condensed  account  of  the  more  important 
insecticides  for  farm  and  garden  use,  prepared  under  my  direction  by 
Mr.  0.  L.  Marlatt,  first  assistant  entomologist.  As  stated  in  ray  letter 
of  transmittal  to  the  first  edition,  circular  No.  1,  new  series,  of  this 
division,  contained  information  of  this  character,  but  this  document  is 
out  of  print,  and  since  it  was  published  some  advance  has  been  made 
in  the  matter  of  insecticides  which  necessitates  the  publication  of  some 
additional  matter  and  some  change  in  the  methods  of  preparation  of 
old  and  standard  mixtures.  The  constant  call  for  information  of  this 
character  will  warrant  the  publication  of  this  bulletin  in  large  edition. 
Eesi)ectfully, 

L.  O.  Howard,  Entomologist, 

Hon.  Chas.  W.  Dabney,  Jr., 

Acting  Secretary  of  Agriculture, 
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IMPORTANT  INSECTICIDES;  DIRECTIONS  FOR  THEIR  PREPA- 
RATION AND  USE. 


Without  going  miDutely  into  the  field  of  remedies  and  preventives 
for  insect  depredators,  it  is  proposed  to  give  in  this  bulletin  brief  direc- 
tions concerning  a few  of  the  insecticide  agents  having  the  widest  range 
and  attended  with  the  greatest  usefulness,  economy,  and  ease  of  appli- 
cation. These  are  not  covered  by  patent,  and  in  general  it  is  true  that 
the  patented  articles  are  inferior,  and  many  of  the  better  of  them  are 
in  fact  merely  more  or  less  close  imitations  of  the  standard  substances 
and  compounds  hereinafter  described.  Only  such  brief  references  to 
food  and  other  habits  of  the  insects  covered  will  be  included  as  are 
necessary  to  illustrate  the  principles  underlying  the  use  of  the  several 
insecticide  agents  recommended. 

Relation  of  Food  Habits  to  Remedies. 

For  the  intelligent  and  practical  employment  of  insecticides  it  is  nec- 
essary to  comprehend  the  nature  and  method  of  injury  commonly  due 
to  insects.  Omitting  for  the  present  purpose  the  many  special  cases 
of  injury  which  necessitate  peculiar  methods  of  treatment,  the  great 
mass  of  the  harm  to  growing  plants  from  the  attacks  of  insects  falls 
under  two  principal  heads  based  on  distinct  iirinciples  of  food  economy 
of  insects,  viz,  whether  they  are  biting  (mandibulate)  or  sucking  (haus- 
tellate),  each  group  involving  a special  system  of  treatment. 

INJURY  FROM  BITING  INSECTS. 

The  biting  or  gnawing  insects  are  those  which  actually  masticate  and 
swallow  some  portion  of  the  solid  substance  of  the  plant,  as  the  wood, 
bark,  leaves,  flowers  or  fruit.  They  include  the  majority  of  the  injurious 
larvae,  many  beetles,  and  the  locusts. 

For  these  insects  direct  poisons,  such  as  the  arsenicals,  which  may  be 
safely  applied  to  the  leaves  or  other  parts  of  the  plant  attacked,  and 
which  will  be  swallowed  by  the  insect  with  its  food,  furnish  the  surest 
and  simplest  remedy,  and  should  always  be  employed  except  where  the 
parts  treated  are  themselves  to  be  shortly  used  for  the  food  of  other 
animals  or  of  man. 
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INJURY  FROM  SUCKING  INSECTS. 

The  Slicking  insects  are  those  which  injure  plants  by  the  gradual 
extraction  of  the  juices,  either  from  the  bark,  leaves,  or  fruit,  and  include 
the  plant-bugs,  plant-lice,  scale  insects,  thrips,  and  plant  feeding  mites. 
These  insects  possess,  instead  of  biting  jaws,  sucking  beaks  or  bristles, 
which  are  thrust  down  through  the  outer  layers  of  the  bark  or  leaves 
into  the  soft,  succulent  tissues  beneath  and  used  to  extract  the  plant 
juices,  with  a resulting  injury  not  so  noticeable  as  in  the  first  group, 
but  not  less  serious. 

For  this  class  of  insects  the  application  of  poisons,  which  penetrate 
little,  if  at  all,  into  the  plant  cells,  is  of  trifling  value,  and  it  is  neces- 
sary to  use  substances  which  will  act  externally  on  the  bodies  of  these 
insects,  either  as  a caustic  or  to  smother  or  stifle  them  by  closing  their 
breathing  pores,  or  to  fill  the  air  about  them  with  poisonous  fumes.  Of 
value  also  as  repellants  are  various  deterrent  or  obnoxious  substances. 

Wherever  it  is  not  desirable  to  use  poisons  for  biting  insects,  some  of 
the  means  just  enumerated  will  often  be  available. 

GROUPS  SUBJECT  TO  SPECIAL  TREATMENT, 

The  general  grouping  outlined  above  relates  to  the  species  which 
live  and  feed  upon  the  exterior  of  plants  for  some  portions  or  all  of 
their  lives,  and  includes  the  great  majority  of  the  injurious  species. 
Certain  insects,  however,  owing  to  peculiarities  of  habit,  inaccessibility, 
or  other  causes,  require  special  methods  of  treatment.  Of  these,  two 
groups  properly  come  within  the  scope  of  this  bulletin:  (1)  Those 
working  beneath  the  soil,  or  subterranean  insects,  such  as  the  white 
grubs,  root-maggots,  root-lice,  etc.,  and  (2)  insects  affecting  stored 
products,  as  various  grain  and  flour  pests. 

Three  other  groups,  which  include  species  requiring  very  diverse 
methods  of  treatment,  and  therefore  not  coming  within  the  limits  of 
this  bulletin,  are  (1)  the  internal  feeders,  such  as  wood,  bark,  and  stem 
borers,  leaf-miners,  gall  insects,  and  s])ecies  living  within  fruits,*  (2) 
household  ])ests,  and  (3)  animal  parasites. 

The  classification  of  insects  outlined  above,  based  on  mode  of  nour- 
ishment and  indicating  groups  amenable  to  similar  remedial  treatment, 
simply  stated,  is  as  follows: 

I.  External  feeders : 

(a)  Biting  insects. 

(h)  Sucking  insects. 

II.  Internal  feeders. 

III.  Subterranean  insects. 

IV.  Insects  affecting  stored  products. 

V.  Hoiisebold.pests. 

VI.  Animal  parasites. 
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Insecticides  for  External  Bitino  Insects  (Food  Poisons). 


THE  ARSENICALS:  PARIS  GREEN  AJ^D  LONDON  PURPLE. 

The  arsenical  compounds  have  supplanted  all  other  substances  for 
the  insects  falling  under  this  heading.  Two  compounds  are  in  common 
use,  viz,  Paris  green  and  London  purple.^  The  use  of  powdered  white 
arsenic  is  not  recommended,  on  account  of  its  greater  liability  to  scald 
foliage  and  because  it  is  very  apt  to  be  mistaken  for  harmless  sub- 
stances. Of  the  first  two  mentioned,  Paris  green  is  the  stronger  insecti- 
cide, acting  quickly,  and  is  less  liable  to  burn  foliage.  London  purple 
has  the  advantage  ot  cheapness,  and,  being  more  finely  powdered,  is 
kept  more  easily  suspended  in  water.  The  former  can  be  had  in 
14-pound  or  larger  cans  at  20  cents  per  jiound,  and  the  latter  at  10 
cents  per  pound  by  the  barrel. 

HOW  TO  APPLY  ARSENICALS. 

There  are  three  principal  methods  of  apiilying  arsenicals.  The  wet 
method,  which  consists  in  using  these  poisons  in  water  in  the  form  of 
spray,  is  the  standard  means,  secures  uniform  results  at  least  expense, 
and  is  the  only  practical  method  of  i^rotecting  fruit  and  shade  trees. 
The  dry  application  of  these  poisons  in  the  form  of  a powder,  which  is 
dusted  over  plants,  is  more  popular  as  a means  against  the  cotton 
worm  in  the  South,  where  the  rapidity  of  treatment  i^ossible  by  this 
method,  and  its  cheapness,  give  it  a value  against  this  insect,  in  the 
practical  treatment  of  which  promjit  and  economical  action  are  the 
essentials.  This  method  is  also  feasible  for  any  low- growing  crop,  such 
as  the  potato.  The  third  method  consists  in  the  use  of  the  arsenicals 
in  the  form  of  poisoned  baits,  and  is  particularly  available  for  such 
insects  as  cutworms,  wireworms,  and  local  invasions  of  locusts. 

*A  third  arsenical  which  promises  well,  arsenate  of  lead,  has  lately  been  experi- 
mented with  by  the  Gypsy  Moth  Commission.  While  not  urging  that  this  insecti- 
cide has  advantages  over  Paris  green,  it  is  held  that  it  has  the  merit  of  showing  on 
the  leaves,  indicating  at  once  which  liave  been  sprayed,  remains  much  more  easily 
suspended  in  water,  and  may  be  used  in  large  proportions  without  danger  to  foliage. 
It  has  recently  been  extensively  tested  at  the  Department,  and  a strength  as  great 
as  1 pound  to  2 gallons  of  water  has  been  used  on  tender  foliage  of  the  peach  and 
Osage  orange  without  injury.  Good  results  have  attended  its  use  also  against  the 
imported  elm  leaf-beetle.  The  insecticide  results  were  not  better,  however,  than 
with  Paris  green  ; but  for  such  sensitive  foliage  as  that  of  the  peach,  or  where  no 
risk  of  scalding  may  be  taken,  I am  inclined  to'believe  that  it  will  prove  useful. 

This  insecticide  is  prepared  by  combining,  approximately,  3 parts  of  arsenate  of 
soda  with  7 parts  of  acetate  of  lead.  These  substances  unite  chemically  and  form  a 
fine,  white  powder  which  remains  easily  in  suspension.  As  now  used  by  the  Com- 
mission, 10  pounds  of  the  arsenate  of  lead  are  used  with  150  gallons  of  water,  2 
quarts  of  glucose  being  added  to  cause  the  insecticide  to  adhere  longer  to  the  leaves. 
Professor  Fernald’s  experience  and  our  own  would  indicate  that  from  one-fourth  to 
one-half  this  strength  will  answer  for  most  larva? — the  larva?  of  the  gypsy  moth 
proving  to  be  unusually  resistant  to  the  action  of  poisons.  The  arsenate  of  lead 
costs  the  commission  7 cents  a pound  wholesale,  and  glucose  $16  a barrel. 
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The  wet  method. — Eitlier  Paris  green  or  London  purple  may  be  used 
at  the  rate  of  1 pound  to  100  to  250  gallons  of  water,  or  1 ounce  to  6 to 
15  gallons.  The  stronger  mixtures  are  for  such  vigorous  foliage  as  that 
of  the  potato,  for  the  Colorado  potato-beetle,  and  the  greater  dilutions  for 
the  more  tender  foliage  of  the  peach  or  plum.  An  average  of  1 pound 
to  150  gallons  of  water  is  a good  strength  for  general  purposes.  The 
poison  should  be  first  made  into  a thin  x)aste  in  a small  quantity  of 
water  and  powdered  or  quick  lime  added  in  amount  equal  to  the  poi- 
son used  to  take  up  the  free  arsenic  and  remove  or  lessen  the  danger 
of  scalding.  An  excess  of  lime  will  do  no  injury.  The  poisons  thus 
mixed  should  be  strained  into  the  spray  tank  or  reservoir,  care  being 
taken  that  all  the  j^oison  is  x^ulverized  and  washed  through  the  meshes 
of  the  strainer.  The  use  of  the  lime  is  especially  desirable  in  the  case 
of  the  peach  and  plum,  the  foliage  of  which,  particularly  the  former,  is 
very  tender  and  easily  scalded.  To  the  stronger  foliage  of  the  apple 
and  most  shade  trees  Paris  green  may  be  applied  at.  the  strength  of  1 
pound  to  150  gallons  of  wate  r without  danger  j with  London  i^urple  it 
is  always  better  to  use  the  lime. 

If  it  be  desirable  to  apx)ly  a fungicide  at  the  same  time,  as  on  the 
apple  for  the  codling  moth  and  the  ai)ple  scab  fungus,  the  Bordeaux 
mixture  ^ may  be  used  instead  of  water,  adding  the  arsenical  to  it  at 
the  same  rate  per  gallon  as  when  water  is  used.  The  lime  in  this  fun- 
gicide neutralizes  any  excess  of  free  arsenic  and  makes  it  an  excellent 
medium  for  the  arsenical,  removing,  as  it  does,  all  liability  of  scalding 
the  foliage  and  enabling  an  apxfiication  of  the  arsenical,  if  necessary, 
eight  or  ten  times  as  strong  as  it  could  be  employed  with  water  alone. 

The  arseuicals  can  not  be  safely  used  with  most  other  fungicides,  such 
as  the  sulphate  of  copper,  eau  celeste  or  iron  chloride  solution,  the 
scalding  effects  of  these  in  the  mixture  being  greatly  intensified. 

The  dry  method. — The  following  descrii)tion  applies  to  the  pole-and- 
bag  duster  commonly  used  against  the  cotton  worm:  A pole  5 to  8 feet 

^Bordeaux  mixture  formula. — Into  a 50-gallon  barrel  pour  30  gallons  of  water,  and 
suspend  in  it  6 pounds  of  blnestoue  in  coarse  sacking.  Slack  4 pounds  of  fresh  lime 
in  another  vessel,  adding  water  slowl}-  to  obtain  a creamy  liquid,  free  from  grit. 
When  the  bluestone  is  dissolved  add  the  lime  milk  slowly  with  water  enough  to  fill 
the  barrel,  stirring  constantly. 

With  insufficient  lime  the  mixture  sometimes  injures  the  foliage,  and  it  should  be 
tested  with  a solution  obtained  by  dissolving  an  ounce  of  yellow  prussiate  of  i>ofash 
(potassium  ferrocyauide)  in  one-half  pint  of  water.  If  there  be  insufficient  lime  in 
the  Bordeaux  mixture  the  addition  of  a drop  or  two  of  this  solution  will  cause  a 
brownish-red  color,  and  more  lime  should  be  added  until  no  change  takes  place  when 
the  solution  is  dropped  in.  Use  the  Bordeaux  mixture  prom2)tly,  as  it  <leteriorates  on 
standing. 

Stock  solutions  of  both  the  bluestone  and  lime  may  be  kept  for  any  length  of 
time.  Make  the  stock  bluestone  by  dissolving  in  water  at  the  rate  of  2 pounds  to 
the  gallon.  The  stock  lime  is  slacked  and  kept  as  a thick  paste.  Cover  both  mix- 
tures to  inevent  evaporation  and  keep  the  lime  moist.  For  the  50-gallon  formula 
add  3 gallons  of  the  bluestone  solution  to  .50  gallons  of  water,  and  introduce  the  stock 
lime  slowly  until  there  is  no  reaction  with  the  testing  solution. — b.  t.  g. 
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long  and  about  2 inches  in  diameter  is  taken,  and  a three-fourths  inch 
hole  bored  through  it  within  6 inches  of  either  end.  Near  each  end  is 
securely  tacked  a bag  of  “ 8-ouuce  osnaburg  cloth,”  1 foot  wide  and  18 
inches  to  2 feet  long,  so  that  the  powdered  poison  may  be  introduced 
into  the  bags  with  a funnel  through  the  holes  at  the  ends  of  the  pole. 
The  bags  are  filled  with  undiluted  Paris  green,  which  is  generally  pre- 
ferred to  London  purple  on  account  of  its  quicker  action,  and  the  appa- 
ratus is  carried,  on  horse  or  mule  back,  through  the  cotton  fields, 
dusting  two  or  four  rows  at  once.  The  shaking  induced  by  the  motion 
of  the  animal  going  at  a brisk  walk  or  at  a trot  is  sufficient  to  dust  the 
plants  thoroughly,  or  the  pole  may  be  jarred  by  hand.  The  applica- 
tion is  preferably  made  in  early  morning  or  late  evening  when  the  dew 
is  on,  to  cause  the  poison  to  adhere  better  to  the  foliage. 

From  1 to  2 pounds  are  required  to  the  acre,  and  from  10  to  20  acres 
are  covered  in  a day.  The  occurrence  of  heavy  rains  may  necessitate 
a second  application,  but  frequently  one  will  suffice.  This  simple 
apparatus,  on  account  of  its  efiectiveness  and  cheapness,  is  employed 
throughout  the  cotton  belt  to  the  general  exclusion  of  more  complicated 
and  expensive  machinery. 

With  the  patented  air-blast  machines  for  the  dry  distribution  of 
poisons,  arsenicals  are  diluted  with  10  parts  of  fiour,  lime,  or  ground 
gyjisum,  and  from  00  to  75  acres  may  be  covered  in  a day  by  using 
relays  of  men  and  teams.  Greater  uniformity  is  secured  with  these 
machines  in  distribution  of  the  poisons,  but  their  cost  (from  $30  to  $00) 
prevents  their  general  use. 

The  planter  should  have  a good  supply  of  poison  on  hand  and  appa- 
ratus for  its  application  prepared  in  advance,  since  when  the  worm  xiuts 
in  an  appearance  its  progress  is  very  rapid,  and  a delay  of  a single  day 
may  result  in  material  damage  to  the  crop. 

If  small  garden  patches  are  dusted  with  poison  by  this  or  similar 
means  from  bags  or  with  hand  powder  bellows,  it  is  advisable  always 
to  dilute  the  poison  with  10  parts  of  flour,  or  preferably  lime,  and  for 
application  to  vegetables  which  may  soon  be  used  for  food,  as  the  cab- 
bage, 1 ounce  of  the  poison  should  be  mixed. with  G pounds  of  flour  ol' 
10  of  lime,  and  dusted  merely  enough  to  show  evenly  over  the  surface. 

As  poisoned  bait. — It  is  not  always  advisable  or  effective  to  apply 
arsenicals  directly  to  the  plants,  and  this  is  particularly  true  in  the 
case  of  the  attacks  of  the  grasshopper  and  of  the  various  cutworms 
and  wire  worms.  In  such  cases  the  use  of  poisoned  bait  has  proven 
very  satisfactory. 

For  locusts,  take  1 part  by  weight  of  white  arsenic,  1 of  sugar,  and 
G of  bran,  to  which  add  water  to  make  a wet  mash.  Place  a teaspoon- 
ful of  this  at  the  base  of  each  tree  or  vine,  or  apply  a line  of  baits  just 
ahead  of  the  advancing  army  of  grasshoppers,  placing  a tablespoon ful 
of  the  mash  every  G or  8 feet,  and  following  up  with  another  line 
behind  the  first. 
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For  baiting  cutworms  and  wireworms,  distribute  poisoned  green, 
succulent  vegetation,  such  as  freshly  cut  clover,  in  small  bunches  about 
in  the  infested  fields.  Dip  the  bait  in  a very  strong  arsenical  solution, 
and  protect  from  drying  by  covering  with  boards  or  stones.  Eenew 
the  bait  as  often  as  it  becomes  dry,  or  every  three  to  five  days.  The 
bran -arsenic  bait  will  also  answer  for  cutworms. 

TIME  TO  SPRAY  FOR  lilTING  INSECTS. 

For  the  codling  moth,  the  apple  and  jiear  should  receive  the  first 
application  very  soon  after  the  blossoms  fall,  which  is  also  the  time  for 
the.  second  treatment  of  the  scab  fungus;  the  second  spraying  should  be 
given  one  or  two  weeks  later,  just  before  the  fruit  turns  down  on  the 
stem  or  when  it  is  from  one-fourth  to  one-half  inch  in  diameter.  The 
first  spraying  reaches  the  eggs  laid  by  the  moth  in  the  flower  end  of 
the  fruit  shortly  after  the  falling  of  the  blossoms,  and  the  second  the 
later  egg-laying  by  the  more  belated  moths,  when  the  first  coating  of 
poison  will  probably  have  been  washed  off  by  rains.  The  young  larva, 
eating  its  way  from  without  into  the  fruit,  gets  enough  of  the  poison  to 
destroy  it.  This  treatment  reaches  at  the  same  time  a large  number 
of  leaf-feeding  enemies  of  these  fruit  trees. 

For  the  Ourculio  of  the  stone  fruits,  plum,  cherry,  peach,  etc.,  two 
or  three  applications  should  be  made;  the  first  before  the  trees  bloom 
or  as  soon  as  the  foliage  is  well  started,  the  second  at  the  time  of  the 
exposure  of  the  young  fruit  by  the  falling  of  the  blossoms,  and  perhaps 
a third  a week  later,  particularly  if  rains  have  intervened  after  the  last 
treatment.  The  poison  here  acts  to  destroy  the  parent  Ourculio  instead 
of  the  young  larvae,  which,  hatching  from  eggs  placed  beneath  the  skin 
of  the  fruit,  are  not  aflected  by  the  poison  on  the  outside.  The  adult 
Ourculio,  however,  as  soon  as  it  comes  from  its  hibernation  feeds  on  the 
foliage  before  the  trees  bloom,  and  later  on  the  young  fruit  also,  and  is 
destroyed  by  the  arsenical  before  its  eggs  are  deposited. 

For  leaf  feeding  insects  in  general,  such  as  the  Oolorado  x>otato- bee- 
tle, blister  beetles,  elm  leaf-beetle,  maple  worm,  etc.,  the  application 
should  be  made  at  the  earliest  indication  of  injury  and  repeated  as 
often  as  necessary.  Fruit  trees  should  never  be  sprayed  when  in  bloom 
on  account  of  the  liability  of  poisoning  honeybees  or  other  insecls 
useful  as  cross  fertilizers. 

CARE  IN  USE  OF  ARSENICALS. 

It  must  be  remembered  that  these  arsenicals  are  very  poisonous,  and 
should  be  so  labeled.  If  ordinary  precautions  are  taken  there  is  no 
danger  to  man  or  team  attending  their  application,  and  the  wetting  of 
either,  which  can  not  always  be  avoided,  is  not  at  all  dangerous,  on 
account  of  the  great  dilution  of  the  mixture,  and  no  ill  results  what- 
ever have  resulted  from  this  source. 

The  poison  disappears  from  the  plants  almost  completely  v/ithin 
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twenty  to  twenty-five  days,  and  even  if  the  plants  were  consumed 
shortly  after  the  application  an  impossible  quantity  would  have  to  be 
eaten  to  get  a poisonous  dose.  To  illustrate,  in  the  case  of  the  apple, 
if  the  entire  fruit  were  eaten,  core  and  all,  it  would  take  several  barrels 
at  a single  sitting  to  make  a poisonous  dose  (Riley),  and  with  the  cab- 
bage, dusted  as  recommended  above,  28  heads  would  have  to  be  eaten 
at  one  meal  to  reach  this  result  (Gillette).  It  is  preferable,  however, 
to  use  other  insecticides  in  the  case  of  vegetables  soon  to  be  eaten,  and 
thus  avoid  all  appearance  of  danger. 

Insecticides  for  External  Sucking  Insects  (Contact  Poisons). 

The  simple  remedies  for  this  class  of  insects,  such  as  soap  and  lye 
washes,  tobacco  decoction,  etc.,  are  frequently  of  the  greatest  service, 
but  need  no  special  explanation.  The  whale  oil  is  the  most  valuable  of 
the  soaps,  and  at  the  rate  of  1 pound  to  4 gallons  of  water,  dissolved  by 
heating,  kills  most  soft-bodied  insects,  and  at  1 to  2 pounds  to  the  gal- 
lon is  an  effective  winter  wash  for  scale  insects,  even  the  very  resistant 
San  Jose  scale  succumbing  to  the  latter  strength.  The  insect  powders 
(Pyrethrum  or  Buhach)  are  effective,  but  too  expensive  for  any  but 
limited  or  indoor  use.  The  following  are  standard  remedies  for  this 
group  of  insects : Kerosene  emulsions,  resin  washes,  hydrocyanic  acid 
gas,  and  vapor  of  bisulphide  of  carbon. 

THE  KEROSENE  WASHES. 

The  kerosene  and  soap  emulsion  formula. 


Kerosene gallons..  2 

Whale-oil  soap  (or  1 quart  soft  soap) pound..  ^ 

Water gallon..  1 


The  soap,  first  finely  divided,  is  dissolved  in  the  water  by  boiling 
and  immediately  added  boiling  hot,  away  from  the  fire,  to  the  kerosene. 
The  whole  mixture  is  then  agitated  violently  while  hot  by  being  pumped 
back  upon  itself  with  a force  pump  and  direct-discharge  nozzle  throw- 
ing a strong  stream,  preferably  one-eighth  inch  in  diameter.  After  from 
three  to  five  minutes’  pumping  the  emulsion  should  be  perfect,  and  the 
mixture  will  have  increased  from  one-third  to  one-half  in  bulk  and 
assumed  the  consistency  of  cream.  Well  made,  the  emulsion  will  keep 
indefinitely,  and  should  be  diluted  only  as  wanted  for  use. 

The  use  of  whale  oil  soap,  especially  if  the  emulsion  is  to  be  kept  for 
any  length  of  time,  is  strongly  recommended,  not  only  because  the  soap 
possesses  considerable  insecticide  value  itself,  but  because  the  emul- 
sion made  with  it  is  more  permanent,  and  does  not  lose  its  creamy  con- 
sistency, and  is  always  easily  diluted,  whereas  with  most  of  the  other 
common  soaps  the  mixture  becomes  cheesy  after  a few  days  and  needs 
reheating  to  mix  with  water.  Soft  soap  answers  very  well,  and  1 quart 
of  it  may  be  taken  in  lieu  of  the  hard  soaps. 
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In  limestone  regions  or  where  the  water  is  very  hard  some  of  the 
soap  will  combine  with  the  lime  or  magnesia  in  the  water  and  more  or 
less  of  the  oil  will  be  freed,  especially  when  the  emulsion  is  diluted. 
Before  using,  such  water  should  be  broken  with  lye,  or  rain  water 
employed;  but  better  than  either,  follow  the  milk  emulsion  formula, 
with  which  the  character  of  the  water,  whether  hard  or  soft,  does  not 
affect  the  result. 

The  kerosene  and  milk  emulsion  formula. 

Kerosene gallons..  2 

Milk  (sour) gallon..  1 

Heating  is  unnecessary  in  making  the  milk  emulsion,  which  other- 
wise is  churned,  as  in  the  former  case.  The  change  from  a watery 
liquid  to  a thick  buttery  consistency,  much  thicker  than  with  the  soap, 
takes  i)lace  very  suddenly  after  three  to  five  minutes’  agitation.  With 
sweet  milk  difticnlty  will  frequently  be  experienced,  and  if  the  emulsion 
does  not  result  in  five  minutes,  the  addition  of  a little  vinegar  will 
induce  prompt  action.  It  is  better  to  prepare  the  milk  emulsion  from 
time  to  time  for  immediate  use,  unless  it  can  be  stored  in  quantity  in 
air-tight  jars,  otherwise  it  will  ferment  and  spoil  after  a week  or  two. 

How  to  use  the  emulsions. — During  the  growing  period  of  summer,  for 
most  plant-lice  and  other  soft-bodied  insects,  dilute  the  emulsion  with 
from  15  to  20  parts  of  water;  for  the  red  spider  and  other  jdant  mites 
the  same,  with  the  addition  of  1 ounce  of  powdered  sulphur  to  the 
gallon;  for  scale  insects,  the  larger  plant  bugs,  larvm,  and  beetles, 
dilute  with  from  7 to  9 parts  water;  apply  with  spray  pump. 

For  winter  applications  to  the  trunks  and  larger  limbs  of  trees,  in 
the  dormant  and  leafless  condition,  to  destroy  scale  insects,  stronger 
mixtures  may  be  used  even  to  the  pure  emulsion,  which  latter  can  not 
be  sprayed  successfully  but  may  be  applied  with  brush  or  sponge. 
Diluted  with  one  or  more  parts  of  water  it  may  be  applied  in  spray 
without  dififlculty.  The  use  of  the  pure  emulsion  is  heroic  treatment 
and  o]dy  advisable  in  cases  of  excessive  infestation,  and  in  general  it 
is  much  better  and  safer  to  defer  the  treatment  until  the  young  scales 
hatch  in  the  spring,  when  the  nine-tiines  diluted  wash  maybe  used  with 
more  certain  results  and  without  danger  to  plants.  The  winter  treat- 
ment should  be  followed  by  a use  of  the  spring  wash  to  destroy  any 
young  wliich  may  come  from  female  scales  escai)ing  the  stronger  mixture. 

Pure  kerosene. — The  pure  oil  may  be  applied  as  a winter  wash  to  the 
older  parts  of  i)lants  either  in  a spray  or  with  a sponge,  using  the  least 
possible  quantity.  Its  use  is  not  advised  save  in  exceptionally  bad 
cases  of  infestation  and  during  tlie  dormant  period,  and  should  never 
be  attempted  after  the  first  sign  of  spring  growth  appears. 

In  many  cases  plant-bugs  and  beetles  may  be  jarred  into  cloths  sat- 
urated with  kerosene  or  into  pans  with  water  and  oil  and  destroyed, 
where  it  would  be  unsafe  or  inadvisable  to  spray  the  plants  themselves. 

As  a remedy  against  the  mosquito,  kerosene  has  proven  very  eft'ective 
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(Howard).  It  is  employed  to  destroy  the  larvm  of  the  mosquitoes  in 
their  favorite  breeding  places  in  small  pools,  still  ponds,  or  stagnant 
water,  and  where  such  bodies  of  water  are  not  sources  of  drinking  sup- 
ply or  of  value  for  their  fish,  especially  in  the  case  of  temporary  pools 
from  rains,  which  frequently  breed  very  disagreeable  local  swarms,  the 
use  of  oil  is  strongly  recommended.  The  kerosene  is  applied  at  the 
rate  of  1 ounce  to  15  square  feet  of  water  surface,  and  forms  a uniform 
film  over  the  surface  and  destroys  all  forms  of  aquatic  insect  life, 
including  the  larv^e  of  the  mosquito  and  also  the  adult  females  coming 
to  the  water  to  deposit  their  eggs.  The  application  retains  its  efficiency 
for  several  weeks,  even  with  the  occurrence  of  heavy  rains. 

THE  RESIN  WASH. 

This  wash  has  proved  of  greatest  value  in  California,  particularly 
against  red  scale  {Asyidiotus  aurantii)^  and  will  be  of  use  in  all  similar 
climates  where  the  occurrence  of  comparatively  rainless  seasons  insures 
the  continuance  of  the  wash  on  the  trees  for  a considerable  period,  and 
where,  owing  to  the  warmth,  the  multiplication  of  the  scale  insects 
continues  almost  without  interruption  throughout  the  year.  Where 
rains  are  liable  to  occur  at  short  intervals,  and  in  the  Northern  States, 
the  quicker-acting  and  stronger  kerosene  washes  are  preferable.  The 
resin  wash  acts  by  contact,  having  a certain  caustic  effect,  but  princi- 
pally by  forming  an  impervious,  smotheiing  coating  over  the  scale 
insects.  The  application  may  be  more  liberal  than  with  the  kerosene 
washes,  the  object  being  to  thoroughly  wet  the  bark. 

The  wash  may  be  made  as  follows : 


Resin pounds..  20 

Crude  caustic  soda  (78  per  cent) do 5 

Fisli  oil pints..  2^ 

Water  to  make gallons..  100 


Ordinary  commercial  resin  is  used,  and  the  caustic  soda  is  that  jiut 
up  for  soap  establishments  in  large  200-poutid  drums.  Smaller  quanti- 
ties may  be  obtained  at  soap  factories,  or  the  granulated  caustic  soda 
(98  per  cent)  used — pounds  of  the  latter  being  the  equivalent  of  5 
pounds  of  the  former.  Place  these  substances  with  the  oil  in  a kettle 
with  water  to  cover  them  to  a depth  of  3 or  4 inches.  Boil  for  one  or 
two  hours,  making  occasional  additions  of  water,  or  until  the  com- 
pound resembles  very  strong  black  coffee.  Dilute  to  one-third  the  final 
bulk  with  hot  water,  or  with  cold  water  added  slowly  over  the  fire, 
making  a stock  mixture,  to  be  diluted  to  tlie  full  amount  as  used. 
When  sprayed  the  mixture  should  be  perfectly  fluid,  without  sedi- 
ment, and  should  any  appear  in  the  stock  mixture  reheating  should  be 
resorted  to. 

As  a winter  wash  for  scale  insects,  and  particularly  for  the  more 
resistant  San  Jose  scale  {A.spidiotiis  per^iiciosus),  stronger  washes  are 
necessary.  In  southern  California,  for  this,  latter  insect,  the  equivalent 
of  a dilution  one- third  less,  or  to  6G§  gallons  instead  of  100,  has  given 
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very  good  satisfaction.  In  Maryland,  with  this  insect,  it  has  proved 
necessary  to  use  the  wash  at  6 times  the  summer  strength  to  destroy  all 
of  the  well-protected  hibernating  scales;  and  with  other  scale  insects 
much  stronger  mixtures  than  those  used  in  California  have,  in  the  east, 
proved  ineffectual.  For  regions,  therefore,  with  moderately  severe  win- 
ters, the  use  of  the  resin  wash  to  destroy  hibernating  scale  insects  seems 
inadvisable. 

TIME  TO  SPKAY  FOR  SUCKING  INSECTS. 

For  the  larger  plant  bugs  and  the  aphides,  or  active  plant  lice,  and 
all  other  sucking  insects  which  are  present  on  the  plants  injuriously  for 
comparatively  brief  periods,  or  at  most  during  summer  only,  the  treat- 
ment should  be  immediate,  and  if  in  the  form  of  spray  on  the  plants,  at 
a strength  which  will  not  injure  growing  vegetation. 

For  scale  insects  and  some  others,  as  the  pear  Psylla,  which  hiber- 
nate on  the  plants,  two  or  more  strengths  are  advised  with  most  of  the 
liquid  insecticides  recommended,  the  weaker  for  summer  applications 
and  the  more  concentrated  as  winter  washes.  The  summer  washes  for 
scale  insects  are  most  effective  against  the  young,  and  treatment 
should  begin  with  the  first  appearance  of  the  larvae  of  the  spring  or 
any  of  the  later  broods,  and  should  be  followed  at  intervals  of  seven 
days  with  two  or  three  additional  aiiplications.  The  first  brood,  for 
the  majority  of  species  in  temperate  regions,  will  appear  during  the 
first  three  weeks  in  May.  Examination  from  time  to  time  with  a hand 
lens  will  enable  one  to  determine  when  the  young  of  any  brood  apiiear. 

The  winter  washes  may  be  used  whenever  summer  treatment  can  not 
be  successfully  carried  out,  and  are  particularly  advantageous  in  the 
case  of  deciduous  plants  with  dense  foliage  which  renders  a thorough 
wetting  difficult  in  summer,  or  with  scale  insects  which  are  so  irregular 
in  the  time  of  disclosing  their  young  that  many  summer  treatments 
would  be  necessary  to  secure  anywhere  near  complete  extermination. 
In  the  winter  also,  with  deciduous  trees,  very  much  less  liquid  is 
required,  and  the  spraying  may  be  much  more  expeditiously  and  thor- 
oughly done.  In  the  case  of  badly  infested  trees,  a vigorous  pruning 
is  advisable  as  a preliminary  to  treatment. 

All  of  the  washes  mentioned  are  excellent  as  summer  remedies.  As 
winter  washes  for  temperate  regions  the  kerosene  mixtures  and  whale- 
oil  soap  solutions,  particularly  the  latter,  have  so  far  given  the  best 
results.  These  stronger  mixtures  may  be  applied  at  any  time  during 
the  dormant  period  of  vegetation,  and,  with  deciduous  trees,  preferably 
immediately  after  the  falling  of  the  foliage.  In  the  growing  season  any 
of  these  stronger  washes  would  cause  the  loss  of  foliage  and  fruit,  and 
the  more  concentrated  probably  the  death  of  the  plant. 

THE  GAS  TREATMENT. 

Hydrocyanic  Acid  Gas. 

The  hydrocyanic  acid  gas  treatment  of  scale-infested  trees,  until 
recently  exclusively  confined  to  California,  has,  within  the  last  year, 
been  introduced  in  the  East  by  the  Department  to  combat  the  San  Jose 
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scale.  Briefly,  it  consists  in  inclosing  a tree  (or  nursery  stock  in  greater 
or  less  quantities  at  once)  with  a tent  and  filling  the  latter  with  the 
l)oisonous  fumes  generated  with  potassium  cyanide  and  sulphuric  acid. 

The  outfit. — The  tents  are  made  of  blue  or  brown  drilling  or  8-ounce 
duck,  and  painted  or  oiled  with  linseed  oil  to  make  them  as  near  air- 
tight as  possible.  A very  convenient  form  of  tent  is  made  in  the  shape 
of  a large  hexagonal  sheet,  which,  thrown  over  a tree,  will  touch  the 
ground  on  all  sides.  These  sheets  or  tents  are  placed  over  the  trees  by 
hand  or  with  poles  in  case  of  small  trees,  but  with  trees  over  10  feet 
high  some  sort  of  a tripod  or  derrick  is  used.  The  outfit  for  medium- 
sized  trees — tent  and  derrick — will  cost  from  $15  to  $25.  A tent  for 
trees  26  feet  tall  by  60  feet  in  circumference  costs  as  much  as  $60. 

The  chemicals. — Commercial  fused  potassium  cyanide,  58  per  cent 
l)urity  (costing  in  bulk  40  cents  per  pound),  commercial  sulphuric  acid 
(at  3^  cents  per  pound),  and  water  are  used  in  generating  the  gas,  the 
proportions  being  1 ounce  by  weight  of  the  cyanide,  slightly  more 
than  1 fluid  ounce  of  the  acid,  and  3 fluid  ounces  of  water  to  every  150 
cubic  feet  of  space  inclosed. 

The  method. — The  generator,  which  may  be  any  glazed  earthenware 
vessel  of  1 or  2 gallons’  capacity,  is  placed  within  the  tent  under  the 
tree  and  the  water,  acid  and  cyanide,  the  latter  broken  up,  put  in  in 
the  order  named,  after  which  the  operator  withdraws  from  the  tent. 
The  tent  is  allowed  to  remain  on  the  tree  for  one-half  hour  for  large 
trees  or  fifteen  minutes  for  small  ones.  The  treatment  is  best  made 
on  cloudy  days,  early  in  the  morning,  late  in  the  evening,  or  at  night. 
Bright,  hot  sunlight  is  liable  to  cause  injury  to  the  foliage,  which, 
however,  may  be  largely  avoided  by  using  tents  of  dark  material  or 
painted  black. 

Three  or  four  men  can  operate  six  tents  at  once,  and  the  expense 
under  such  conditions,  not  counting  the  cost  of  the  outfit,  need  not  be 
more  than  10  cents  per  tree.  One  outfit  of  tents  and  hoisting  apparatus 
will  answer  for  an  entire  community  or  county. 

Bisulphide  of  Carbon  Vapor. 

In  line  with  the  use  of  hydrocyanic  acid  gas  is  the  emxfloyment  of 
the  vapor  of  bisul])hide  of  carbon  to  destroy  insects  on  low-growing 
plants,  such  as  the  lice  on  melon  and  squash  vines.  The  treatment,  as 
successfully  practiced  by  Professors  Garni  an  and  Smith,  consists  in 
covering  the  young  vines  with  small  tight  boxes  12  to  18  inches  in  diam- 
eter, of  either  wood  or  paper,  and  introducing  under  each  box  a saucer 
containing  one  or  two  teaspoonfuls  (1  or  2 drams)  of  the  very  volatile 
liquid,  bisulphide  of  carbon.  The  vines  of  older  i)lants  may  be  wrai)ped 
about  the  hill  and  gathered  in  under  larger  boxes  or  tubs,  and  a greater, 
but  proportional,  amount  of  bisulphide  used.  The  covering  should  be 
left  over  the  plants  for  three  quarters  of  an  hour  to  an  hour,  and  with 
50  to  100  boxes  a field  may  be  treated  with  comiiarative  rapidity. 
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Dusting  and  Spraying  Apparatus. 

For  the  application  of  powders  the  dusting  bags  already  described  are 
very  satisfactory,  or  for  garden  work  some  of  the  small  powder  bellows 
and  blowers  are  excellent.  The  best  of  these  cost  about  $2  each  and 
are  on  the  market  in  many  styles. 

Better  apparatus  is  required  for  the  wet  applications  where  success- 
ful results  require  the  breaking  up  of  the  liquid  into  a fine  mist-like 
spray.  The  essential  features  of  such  an  apparatus  are  a force  pump, 
several  yards  of  one-half  inch  cloth-reinforced  hose  with  bamboo  hoist- 
ing rod,  and  a spray  tip.  The  size  of  the  apparatus  will  depend  on  the 
amount  of  vegetation  to  be  treated.  For  limited  garden  work  and  for 
the  treatment  of  low  plants  the  knapsack  pumps  or  the  small  bucket 
force-pumps  are  suitable,  the  former  costing  about  $14  and  the  latter 
from  $6  to  $9. 

Beady  fitted  pumps,  knapsack  and  others,  for  the  application  of  insec- 
ticides, are  now  made  by  all  the  leading  i)ump  manufacturers  of  this 
country  and  also  large  reservoirs  with  pump  attached  for  extended 
orchard  operations,  the  price  of  the  latter  ranging  from  $25  to  $75. 

The  cost  of  a spraying  outfit  for  orchard  work  may  be  greatly  reduced 
by  combining  a suitable  pump  and  fixtures  with  a home-constructed 
tank  or  barrel  to  be  mounted  on  a (;art  or  wagon.  A spray-tank  having 
a capacity  of  about  150  gallons  is  a very  satisfactory  size,  and  may  be 
conveniently  made  4 feet  long,  by  2^  wide  by  2 deep,  inside  measure- 
ments. It  should  be  carefully  constructed,  so  as  to  be  water  tight,  and 
should  be  strengthened  by  four  iron  bolts  or  rods  across  the  ends,  one 
each  at  the  top  and  bottom.  A good  double-acting  force-pump  may  be 
obtained  from  any  of  the  leading  xnimj)  manufacturers  at  a cost  of  from 
$10  to  $20,  depending  upon  whether  of  iron  or  brass,  and  the  nature  of 
its  fittings.  For  use  in  a very  large  orchard  or  in  city  parks,  it  may  be 
advisable  to  construct  the  tank  of  twice  the  capacity  mentioned  to 
expedite  the  spraying  and  to  avoid  the  more  frequent  refillings  neces- 
sary with  the  smaller  tank. 

The  more  economical  spray  tips  in  the  amount  of  liquid  required  are 
the  different  styles  of  cyclone  nozzles,  the  best  form  of  which  is  known 
to  the  market  generally  as  the  Vermorel  nozzle.  These  are  manufac- 
tured by  the  leading  spray  pump  companies.  Other  good  nozzles  are 
also  on  the  market.  The  common  garden  siiraying  and  hose  nozzles 
are  much  too  coarse  for  satisfactory  work,  and  are  wasteful  of  the 
liquid. 

A prime  essential  in  spraying,  especially  where  the  large  reservoirs 
are  employed,  is  to  keep  the  liquid  constantly  agitated  to  prevent  the 
settling  of  the  poison  to  the  bottom  of  the  tank.  This  may  be  accom- 
plished by  constant  stirring  with  a paddle,  by  shaking,  but  preferably 
by  throwing  a stream  of  the  liquid  back  into  the  tank.  Many  of  tlie 
larger  pumps  are  now  constructed  with  two  discharge  orifices  with  this 
latter  object  in  view,  and  the  use  of  such  is  recommended. 
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For  fruit  trees  of  average  size,  or,  if  api^le,  sucli  as  would  produce 
from  10  to  15  bushels  of  fruit,  from  3 to  7 gallons  of  spray  are  neces- 
sary to  thoroughly  wet  each  tree.  For  smaller  trees,  such  as  plum 
and  cherry,  1 gallon  to  the  tree  will  be  sufficient.  If  an  average  of 
5 gallons  to  the  tree  be  taken  for  an  apple  orchard  of  1,000  trees  5,000 
gallons  of  spray  would  be  recprired.  About  33  pounds  of  paris  green 
or  london  i)urple  would  be  needed  for  one  spraying,  if  used  at  the 
rate  of  1 pound  to  150  gallons  of  water,  and  for  the  two  api)lications 
ordinarily  recommended,  GO  pounds.  This,  for  the  paris  green,  at  20 
cents  a pound,  would  amount  to  $13.20,  and  the  london  puri^le,  at  10 
cents  a pound,  to  $G.60,  or  a little  over  1 cent  a tree  for  the  former  and 
one-half  a cent  for  the  latter. 

In  spraying  orchard  trees,  it  will  be  found  convenient  in  going 
between  the  rows  to  si)ray  on  either  side,  half  of  each  tree  in  the  row 
at  a time  and  finish  on  the  return,  rather  than  attempt  to  spray  all 
sides  of  one  tree  before  taking  up  another. 

The  object  in  spraying  is  to  coat  every  leaf  and  part  of  the  plant  as 
lightly  as  feasible  Avith  thoroughness,  and  to  avoid  waste  in  doing  this 
a mist  spray  is  essential.  The  api)lication  to  any  part  should  stop 
when  water  begins  to  drip  from  the  leaves.  A light  rain  will  not  remove 
the  i)oison,  but  a dashing  one  will  i>robably  necessitate  a renewal  of 
the  application. 

Remedies  for  Subterranean  Insects. 

Almost  entire  dependence  is  placed  on  the  caustic  washes,  or  those 
that  act  externally,  for  insects  living  beneath  the  soil  on  the  roots  of 
plants,  including  both  sucking  and  biting  insects,  prominent  among 
which  are  the  white  grubs,  maggots  in  roots  of  cabbage,  radishes, 
onions,  etc.,  cutworms,  wireworms,  apple  and  peach  root-lice,  the  grape 
lihylloxera,  and  many  others. 

The  insecticide  must  be  one  that  will  go  into  solution  and  be  carried 
down  by  water.  Of  this  sort  are  the  kerosene  emulsions  and  resin 
wash — the  former  preferable — the  potash  fertilizers,  muriate  and  kainit, 
and  bisulphide  of  carbon.  Submersion,  wherever  the  practice  of  irri- 
gation or  the  natural  conditions  make  it  feasible,  has  also  proven  of 
the  greatest  service  against  the  phylloxera. 

Kerosene  emulsion  and  resin  wash. — Either  the  kerosene  and  soap 
emulsion  or  the  resin  wash,  the  former  diluted  15  times  and  the  latter 
at  the  strength  of  the  Avinter  mixture,  are  used  to  saturate  the  soil 
about  the  affected  plants  and  either  left  to  be  carried  down  by  the 
action  of  rains  or  Avashed  down  to  greater  dei)ths  by  subsequent 
waterings. 

For  the  grape  phylloxera  or  the  root-louse  of  the  peach  or  apple, 
make  excavations  2 or  3 feet  in  diameter  and  G inches  deep  about  the 
base  of  the  plant,  and  pour  in  5 gallons  of  the  Avash.  If  not  a rainy 
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season,  a few  hours  later  wash  down  Avith  5 gallons  of  water  and  repeat 
with  a like  amount  the  day  following.  It  is  better,  however,  to  make 
this  treatment  in  the  spring,  when  the  more  frequent  rains  will  take  the 
place  of  the  waterings. 

For  root  maggots  enough  of  the  wash  is  ])ut  along  at  the  base  of  the 
plant  to  wet  the  soil  to  a depth  of  1 to  2 inches,  preferably  following 
after  an  hour  with  a like  amount  of  water. 

For  white  grubs  in  strawberry  beds  or  in  lawns  the  surface  should 
be  wetted  with  kerosene  emulsion  to  a depth  of  2 or  3 inches,  following 
with  copious  waterings  to  be  repeated  for  two  or  three  days.  The  larvm 
go  to  deeper  and  deeper  levels  and  eventually  die. 

Potash  fertilizers. — For  white  grubs,  Avireworms,  cutAAmrms,  corn 
root-Avorms,  and  like  insects,  on  the  authority  of  Prof.  J.  B.  Bmith, 
either  the  kaiuit  or  muriate  of  potash,  the  former  better,  are  broad- 
casted in  fertilizing  quantities,  preferable  before  or  during  a rain  so 
that  the  material  is  dissolved  and  carried  into  the  soil  at  once.  These 
not  only  act  to  destroy  the  larvie  in  the  soil,  but  are  deterrents,  and 
truck  lands  constantly  fertilized  by  these  substances  are  noticeably 
free  from  attacks  of  insects.  This,  in  a measure,  results  from  the 
increased  vigor  and  greater  resistant  iiOAver  of  the  plant,  which,  of  itself, 
more  than  compensates  for  the  cost  of  the  treatment.  The  value  of 
these  fertilizers  against  the  Avireworms  is,  however,  questioned  by 
Prof.  J.  H.  Comstock. 

For  the  root-louse  of  peach  and  api)le  Avork  the  fertilizer  into  the 
general  surface  of  the  soil  about  the  trees,  or  put  it  in  a trench  about 
the  tree  2 feet  distant  from  the  trunk. 

For  cabbage  and  onion  maggots  apply  in  little  trenches  along  the 
roots  at  the  rate  of  300  to  500  pounds  to  the  acre,  and  cover  Avith  soil. 

These  fertilizers  (and  the  nitrate  of  soda  is  nearly  as  good)  are  also 
destructive  to  the  various  insects  Avhich  enter  the  soil  for  hibernation  or 
to  undergo  transformation. 

Bisulphide  of  carbon. — This  is  the  great  French  remedy  for  the 
phylloxera,  150,000  acres  being  iioav  subjected  to  treatment  with  it,  and 
applies  equally  Avell  to  all  other  root-inhabiting  lice.  The  treatment  is 
made  at  any  season  except  the  period  of  ripening  of  the  fruit,  and  con- 
sists in  making  holes  about  the  vines  1 foot  to  IG  inches  deep  and 
pouring  into  each  about  one-half  ounce  of  bisulphide,  and  closing  the 
hole  with  the  foot.  These  injections  are  made  about  Ih  feet  apart,  and 
not  closer  to  the  vines  than  1 foot.  It  is  better  to  make  a large  number 
of  small  doses  than  a fcAv  large  ones.  Hand  injectors  and  injecting 
plows  are  employed  in  France  to  put  the  bisulphide  into  the  soil  about 
the  vines,  but  a short  stick  or  iron  bar  may  be  made  to  take  the  place 
of  these  injectors  for  limited  tracts. 

For  root  maggots  a tcaspoonful  is  poured  into  a hole  at  the  base  of 
the  plant,  covering  as  above. 

For  ant  nests  an  ounce  of  the  substance  is  poured  into  each  of  sev* 
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eral  holes  made  in  the  space  occupied  by  the  ants,  the  openings  being 
then  closed,  or  the  action  is  made  more  ra])id  by  covering  with  a wet 
blanket  for  ten  minutes  and  then  exploding  the  vapor  at  the  mouth  of 
the  holes  with  a torch,  the  exi^losion  driving  the  fumes  more  thoroughly 
through  the  soil. 

Submersion. — This  very  successful  means  against  the  phylloxera  is 
now  practiced  over  some  75,000  acres  of  vineyards  in  France  which 
were  once  destroyed  by  the  grape  root-lonse,  and  the  production  and 
quality  of  fruit  has  been  fully  restored.  In  this  country  it  will  be 
particularly  available  in  California  and  in  all  arid  districts  where 
irrigation  is  practiced,  otherwise  it  will  be  too  expensive  to  be  profit- 
able. The  best  results  are  secured  in  soils  in  which  the  water  will 
penetrate  rather  slowly,  or  from  G to  18  inches  in  twenty-four  hours; 
in  loose,  sandy  soils  it  is  impracticable  on  account  of  the  great  amount 
of  water  required.  Submersion  consists  in  keeping  the  soil  of  the 
vineyard  fiooded  for  from  eight  to  twenty  days  after  the  fruit  has  been 
gathered  and  active  growth  of  tlie  vine  ceased,  or  during  September 
or  October,  but  while  the  i)hylloxera  is  still  in  active  development. 
Early  in  September  eight  to  ten  days  will  suffice;  in  October,  fifteen 
to  twenty  days,  and  during  the  winter,  as  was  formerly  practiced,  forty 
to  sixty  days.  Supplementing  the  short  fixll  submergence  a liberal 
July  irrigation,  amounting  to  a forty-eight-hour  fiooding,  is  customary 
to  reach  any  individuals  surviving  the  fall  treatment,  and  which  in 
midsummer  are  very  susceptible  to  the  action  of  water. 

To  facilitate  the  operation  vineyards  are  commonly  divided  by 
embankments  of  earth  into  square  or  rectangular  plots,  the  former  for 
level  and  the  latter  for  sloping  ground,  the  retaining  walls  being  pro- 
tected by  coverings  of  reed  grass,  etc.,  during  the  first  year,  or  until 
they  may  be  seeded  to  some  forage  plant. 

This  treatment  will  destroy  many  other  root-attacking  insects  or  those 
hibernating  beneath  the  soil,  and,  in  fact,  is  a very  ancient  practice  in 
certain  oriental  countries  bordering  the  Black  Sea  and  the  Grecian 
Archipelago. 

Eemedies  for  Insects  Affecting  Grain  and  other  Stored 

Products. 

The  chief  loss  in  this  direction  from  insects  is  to  grains  in  farmers’ 
bins,  or  grain  or  grain  products  in  stores,  mills,  and  elevators,  although 
in  the  warmer  latitudes  much  of  the  injury  results  from  infestation  in 
the  field  between  the  ripening  of  the  grain  and  its  storage  in  bins  or 
granaries.  Fortunately,  the  several  important  grain  insects  are  ame- 
nable to  like  treatment.  Aside  from  various  important  preventive  con- 
siderations, such  as,  in  the  South,  prompt  threshing  of  grain  after 
harvesting,  the  thorough  cleansing  of  bins  before  refilling,  constant 
sweeping,  removal  of  waste  harboring  insects  from  all  parts  of  granaries 
and  mills,  and  care  to  prevent  the  introduction  of  “ weeviled”  grain, 
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there  are  three  valuable  remedial  measures,  viz,  agitation  of  the  grain, 
heating,  and  dosing  vitli  bisulphide  of  carbon. 

The  value  of  agitating  or  liandling  grain  is  Avell  known,  and  when- 
ever, as  in  elevators,  grain  can  be  transferred  or  j)oured  from  one  bin 
into  another  grain  pests  are  not  likely  to  trouble.  The  benefit  will 
depend  upon  the  frequency  and  thoroughness  of  the  agitation,  and  in 
France  machines  for  shaking  the  grain  violently  have  been  used  with 
success.  Winnowing  weeviled  grain  is  also  an  excellent  preliminary 
treatment. 

liaising  the  temperature  of  the  grain  in  closed  retorts  or  revolving 
cylinders  to  130°  to  150°  F.  will  kill  the  inclosed  insects  if  continued 
for  from  three  to  five  hours,  but  is  apt  to  injure  the  germ,  and  is  not 
advised  in  case  of  seed  stock.  The  simplest,  cheapest,  and  most  effectual 
remedy  is  the  use  of  bisulphide  of  carbon. 

BISULPHIDE  OF  CARBON. 

This  is  a colorless  liquid  with  very  offensive  odor,  which,  however, 
passes  oft  completel}^  in  a short  time.  It  readily  volatilizes  and  the 
vapor,  which  is  very  deadly  to  insect  life,  is  heavier  than  air  and 
settles  and  fills  any  com])artment  or  bin  in  the  top  of  which  the  liquid 
is  placed.  It  may  be  distributed  in  shallow  dishes  or  tins  or  in  sat- 
urated waste  on  the  top  of  grain  in  bins,  and  the  gas  will  settle  and 
permeate  throughout  the  mass  of  the  grain.  In  large  bins,  to  hasten 
and  equalize  the  operation, it  is  well  to  put  a quantity  of  the  bisulphide 
in  the  center  of  the  grain  by  thrusting  in  balls  of  cotton  or  waste  tied 
to  a stick  and  saturated  with  the  liquid,  or  by  means  of  a gas  pipe 
loosely  plugged  at  one  end,  down  which  the  liquid  may  be  poured  and 
the  plug  then  loosened  with  a rod.  In  moderately  tight  bins  no  further 
jmecaution  than  to  close  them  well  need  be  taken,  but  in  open  bins  it 
will  be  necessary  to  cover  them  over  with  a blanket  to  prevent  the  too 
rapid  dissipation  of  the  vapor.  The  bins  or  buildings  should  be  kept 
closed  from  24  to  36  hours,  after  which  a thorough  airing  should  be 
given  them. 

Limited  quantities  at  a time  may  often  be  advantageously  subjected 
to  treatment  in  small  bins  before  being  ])laced  for  long  storage  in  large 
masses,  and  esiiecially  whenever  there  is  danger  of  introducing  infested 
grain. 

The  bisulphide  is  a])plied  at  the  rate  of  1 pound  to  the  ton  of  grain, 
or  a pound  to  a cubic  space  10  feet  on  a side. 

In  the  case  of  mills,  elevators,  or  larger  granaries  the  apjilication 
may  be  best  made  on  Saturday  night,  leaving  the  building  closed  over 
Sunday,  with  a watchman  Avithout  to  see  that  no  one  enters  and  to 
guard  against  fire.  The  bisulphide  should  be  first  distributed  in  the 
lower  story,  working  upward  to  avoid  the  settling  A^apor.  using  the 
substance  Amry  freely,  in  waste  or  dishes,  at  all  points  of  infestation 
and  over  bins  throughout  the  building. 
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This  insecticide  may  also  he  used  in  other  stored  products,  as  pease, 
beans,  etc.,  and  very  satisfactorily  where  the  infested  material  can  be 
inclosed  in  a tight  can,  chest  or  closet  for  treatment. 

The  bisulphide  costs,  in  50-pound  cans,  10  cents  per  pound,  and  in 
small  quantities,  of  druggists,  25  to  35  cents  per  pound. 

Cautio7i. — The  bisulphide  may  be  more  freely  employed  with  milling 
grain  than  that  intended  for  seeding,  since  used  excessively  it  is  liable 
to  injure  the  germ.  It  must  always  be  remembered  that  the  vai:)or  is 
highly  inflammable  and  explosive,  and  that  no  fire  or  lighted  cigars,  etc., 
should  be  in  the  building  during  its  use.  If  obtained  in  large  quanti- 
ties it  should  be  kept  in  tightly  closed  vessels  and  away  from  fire, 
preferably  in  a small  outbuilding. 

Control  of  Insects  by  Cultural  Methods. 

It  is  much  easier  to  ward  off  an  attack  of  insects  or  to  make  condi- 
tions unfavorable  for  their  multiplication  than  to  destroy  them  after 
they  are  once  in  i^ossessionj  and  in  controlling  them,  methods  and  sys- 
tems of  farm  and  orchard  culture  have  long  been  recognized  as  of  the 
greatest  value — more  so  even  than  the  employment  of  insecticides, 
which,  in  most  cases,  can  only  stop  an  injury  already  begun.  Insects 
thrive  on  neglect,  multiply  best  in  land  seldom  or  never  cultivated, 
and  winter  over  in  rubbish,  primings,  or  the  undisturbed  soil  about 
their  food  plants,  and  become,  under  these  conditions,  more  numerous 
every  year.  It  is  a fact  of  common  observation  that  it  is  the  neglected 
farm,  vineyard,  or  orchard  filled  with  Aveeds  or  ivild  growth  which  is 
certain  to  be  stocked  Avith  all  the  principal  insect  enemies;  and,  outlie 
other  hand,  thorough  and  constant  culture,  Avith  the  removal  and 
burning  of  pruniugs,  stubble,  and  other  waste,  the  collection  and 
destruction  of  fallen  and  diseased  fruit,  and  the  practice,  Avhere  iiossi* 
ble,  of  fall  ploAving  to  disturb  the  hibernating  quarters  of  field  insects, 
will  almost  certainly  be  accompanied  by  comparative  immunity  from 
insect  pests. 

The  vigor  and  healthlulness  of  plant  groAvth  has  also  much  to  do 
with  freedom  from  insect  injury,  such  jilants  seeming  to  have  a native 
power  of  resistance  Avhich  renders  them,  in  a measure,  distasteful  to 
most  insects,  or  at  least  able  to  throAv  off  or  Avithstand  their  attacks. 
A plant  already  weakened,  hoAvever,  or  of  lessened  vitality  from  any 
cause,  seems  to  be  especially  sought  after,  is  almost  sure  to  be  the  first 
aflected,and  furnishes  a starting  point  for  general  infestation.  Any- 
thing, therefore,  Avhich  aids  good  culture  in  keeping  plants  strong  and 
vigorous,  such  as  the  judicious  use  of  fertilizers,  will  materially  assist 
in  preventing  injury. 

To  the  constant  cropping  of  large  areas  of  land  year  after  year  to 
the  same  staple  is  largely  due  the  excessive  loss  from  insects  in  this 
country  as  compared  with  European  countries,  because  this  practice 
furnishes  the  best  jiossible  conditions  for  the  multiplication  of  the 
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enemies  of  such  crops.  A most  valuable  cultural  means,  therefore,  is 
a system  of  rotation  of  crops  which  will  prevent  the  gradual  yearly 
increase  of  the  enemies  of  any  particular  staple  by  the  substitution 
every  year  or  two  of  other  cultures  not  subject  to  the  attacks  of  the 
insect  enemies  of  the  first. 

With  such  insects  as  the  Hessian  fly,  the  squash  borers,  and  many 
others  which  have  regular  times  of  appearance,  much  can  be  done, 
also,  by  the  planting  of  early  or  late  varieties,  or  by  deferring  seeding 
so  as  to  avoid  the  periods  of  excessive  danger.  Wherever  possible, 
varieties  should  be  selected  which  experience  has  shown  to  be  resistant 
to  insect  attack.  Familiar  illustrations  of  such  resistant  varieties  in 
all  classes  of  cultivated  plants  will  occur  to  every  practical  man,  and  a 
better  instance  of  the  benefit  to  be  derived  from  taking  advantage  of 
this  knowledge  can  not  be  given  than  the  almost  universal  adoption  of 
resistant  American  vines  as  stocks  for  the  regeneration  of  the  vineyards 
of  France  destroyed  by  the  ])hylloxera. 

In  the  case  of  stored  grain  pests,  particularly  the  Angoumois  moth, 
or  so-called  fly  weevil,  the  chief  danger  in  the  South  is  while  the  grain 
is  standing  in  shock  or  stack,  after  liarvesting,  during  which  period  the 
insects  have  easy  access  to  it.  This  source  of  infestation  may  be 
avoided  by  promptly  threshing  grain  after  harvesting  and  storing  it  in 
bulk.  This  will  prevent  the  injury  of  more  than  the  surface  layer,  as 
the  insects  are  not  likely  to  penetrate  deeply  into  the  mass  of  the  grain. 

These  general  notes  are  by  no  means  new,  but  their  importance  jus- 
tifies their  repetition,  as  indicating  the  best  preventive  measures  in 
connection  with  the  remedial  ones  already  given. 

The  Profit  in  Kemedial  Measures. 

The  overwhelming  experience  of  the  past  dozen  years  makes  it  almost 
unnecessary  to  urge,  on  the  ground  of  pecuniary  returns,  the  adoption 
of  the  measures  recommended  in  the  foregoing  pages  against  insects. 
To  emphasize  the  value  of  such  practice,  it  is  only  necessary  to  call 
attention  to  the  fact  that  the  loss  to  orchard,  garden,  and  farm  crops 
frequently  amounts  to  from  15  to  75  per  cent  of  the  entire  product,  and 
innumerable  instances  could  be  pointed  out  where  such  loss  has  been 
sustained  year  after  year,  while  now,  by  the  adoption  of  remedial  meas- 
ures, large  yields  are  regularly  secured  with  an  insignificant  expendi- 
ture ibr  treatment.  It  has  been  established  that  in  the  case  of  the 
apple  crop,  spraying  will  protect  from  50  to  75  per  cent  of  the  fruit 
which  would  otherwise  be  wormy,  and  that  in  actual  marketing  experi- 
ence the  price  has  been  enhanced  from  $1  to  $13.50  per  barrel,  and  this 
at  a cost  of  only  about  10  cents  per  tree  for  labor  and  material. 

In  the  case  of  one  orchard  in  Virginia,  only  one-third  of  which  was 
sprayed,  the  result  was  an  increase  in  the  yield  of  sound  fruit  in  the 
l)ortion  treated  of  nearly  50  per  cent,  and  an  increase  of  the  value  of 
this  fruit  over  the  rest  of  100  per  cent.  The  loss  from  not  having  treated 
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the  other  two-thirds  was  estimated  at  $2,500.  The  saving  to  the  plum 
crop  and  other  small  fruits  frequently  amounts  to  the  securing  of  a 
perfect  crop  where  otherwise  no  yield  whatever  of  sound  fruit  could  be 
secured. 

An  illustration,  in  the  case  of  field  insects,  may  also  be  given  where, 
by  the  adoption  of  a system  of  rotation,  in  which  oats  were  made  to  alter- 
nate with  corn,  the  owner  of  a large  farm  in  Indiana  made  a saving  of 
$10,000  per  year,  this  amount  representing  the  loss  previously  sustained 
annually  from  the  corn  root- worm.  The  cotton  crop,  which  formerly 
m years  of  bad  infestation  by  the  leaf- worm  was  estimated  to  be 
injured  to  the  extent  of  $30,000,000,  is  now  comi)aratively  free  from 
such  injury,  owing  to  the  general  use  of  arsenicals. 

Facts  of  like  import  could  be  adduced  in  regard  to  many  other  lead- 
ing staples,  but  the  foregoing  are  sufiicient  to  emphasize  the  money 
value  of  intelligent  action  against  insect  enemies,  which,  with  the  pres- 
ent competition  and  diminishing  prices,  may  represent  the  difference 
between  a profit  or  a loss  in  agricultural  operations. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture^ 

Office  of  the  Assistant  Secretary, 

Washington,  D.  C.,  October  27,  1894, 
Sir  : In  accordance  with  your  direction  I have  the  honor  to  transmit 
herewith  for  publication  a bulletin  upon  ‘^Washed  soils:  How  to  pre- 
vent and  reclaim  them,”  prepared  under  my  direction,  by  the  Divisions 
of  Chemistry,  Soils,  Forestry,  and  Botany,  for  one  of  the  series  of  Farm- 
ers’ Bulletins  of  this  Department. 

Thousands  of  acres  of  land  in  this  country  are  abandoned  every  year 
because  the  surface  has  been  washed  and  gullied  beyond  the  possibil- 
ity of  jirofitable  cultivation.  It  is  believed  that  the  present  bulletin, 
and  the  simple  facts  therein  presented  as  to  how  this  erosion,  or  wash- 
ing, may  be  prevented,  and  how  washed  and  abandoned  lands  may  be 
reclaimed,  will  serve  a useful  purpose  in  the  hands  of  those  farmers 
who  have  these  trying  problems  to  contend  with. 

Very  respectfully^ 


lion.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 


Chas.  W.  Dabney,  Jr., 

Assistant  Secretary. 
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WASHED  SOILS:  HOW  TO  PRliVENT  AND  RECLAIM  THEM. 


THE  EROSION,  OR  WASHING,  OF  AGRICULTURAL  SOILS. 

The  denudation,  or  washing,  of  lands  of  the  higher  levels  of  the 
earth’s  surface  is  a process  which  no  human  precaution  can  wholly  pre- 
vent. It  has  been  one  of  the  most  important  forces  and  factors  in  the 
geological  changes  which  have  so  modified  the  surface  of  the  earth. 
The  present  surface  of  the  largest  portion  of  the  United  States  is 
made  up  of  this  “sedimentary”  or  “drift”  material  which  has  been 
moved  from  the  place  where  it  was  formed  through  the  disintegration 
and  decay  of  the  old  crystalline  rocks,  by  water,  wind,  or  moving  ice, 
and  which  has  accumulated  to  a depth  of  hundreds  or  thousands  of 
feet  over  nearly  the  entire  surface  of  the  country.  It  is  estimated  that 
the  general  surface  of  the  land  in  the  area  of  the  crystalline  rocks  of  the 
Piedmont  Plateau  has  been  lowered  at  least  2,000  feet  by  this  contin- 
ual washing.  This  vast  amount  of  material  has  been  slowly  removed 
and  deposited  elsewhere  by  the  very  same  agents  which  we  are  con- 
tending Avith  to-day  in  our  gullied  fields;  for  this  denudation,  or  ero- 
sion, is  still  going  on,  as  it  has  been  for  ages  past. 

As  a rule  this  denudation  is  exceedingly  slow  and  the  general  level 
of  large  tracts  of  country  is  not  lowered  more  than  an  inch  or  two  in  a 
hundred  years.  Where  the  change  is  as  slow  as  this  it  is  undoubtedly 
of  benefit  to  the  human  race,  as  in  the  course  of  time  it  must  carry  off 
the  soil  Avhicli  has  been  used  over  and  over  again  for  vegetation  and 
expose  fresh  material  to  the  roots  of  plants.  With  this  slow  change 
the  natural  forces  are  amply  sufficient  for  the  decay  of  the  subsoil  and 
for  the  conversion  of  this  freshly  exposed  material  into  a good  soil. 
When  the  rate  of  denudation  is  excessive,  however,  and  more  raiud 
than  the  natural  decay  of  the  subsoil  material  which  is  exiiosed,  it 
may  work  serious  injury  to  agricultural  lands. 

Along  the  banks  of  the  Ohio  Itiver  and  in  very  many  portions  of  the 
South  hundreds  of  fields  that  were  once  covered  with  sturdy  forests  of 
oak,  maple,  walnut,  and  pine,  and  Avhich  bore  under  cultivation,  after 
being  cleared  of  the  natural  growth,  large  crops  of  wheat,  maize, 
tobacco,  and  cotton,  may  now  be  seen  furrowed  with  gullies  as  Avith 
the  wrinkles  of  age,  and  abandoned  to  brush  and  briers. 
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A surface  layer  of  good  agricultural  soil  6 inches  deep  resulting  from 
the  slow  and  gradual  disintegration  and  decay  of  rocks  and  accumula- 
tion of  humus  may  have  required  hundreds  of  years  for  its  natural 
formation,  and  yet  it  is  liable  to  be  washed  away  in  a single  storm. 

This  excessive  erosion,  or  washing,  of  lands  may  be  prevented,  and 
the  already  gullied  fields  may  be  recovered,  and  steep  slopes  of  loose 
material  may  be  held  and  prevented  from  washing — 

{1)  By  chemical  means,  in  the  application  of  manures  and  fertilizers 
and  in  the  accumulation  of  organic  matter,  which  change  the  texture  of 
the  soil  and  make  it  more  porous  and  more  absorbent  of  water,  so  that 
there  is  less  to  run  off  over  the  surface.  ♦ 


Fig.  1. — An  eroded  field  in  the  South. 


(3)  By  means  of  cultivation  and  underdrainage,  which  prevent  ero- 
sion by  distributing  the  surface  flow  over  the  ground  and  increase 
the  amount  carried  off  by  underdrainage. 

(5)  By  reforestation,  or  the  planting  of  trees,  which  act  mechanically 
to  prevent  washing. 

(4)  By  grass  and  similar  vegetation,  which  bind  the  soil  grains  and 
prevent  their  washing  away. 

The  erosion  of  a soil  is  caused  by  the  wearing  of  the  rain  and  snow 
waters  which  can  not  penetrate  into  the  soil  fast  enough  to  be  carried 
away  by  underdrainage,  and  which,  by  reason  of  the  slope  or  contour 
of  the  land,  run  ofl*  over  the  surface,  carrying  along  jiarticles  of  sand 
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and  clay.  When  this  water  accumulates  in  a depression  in  the  field 
the  force  of  the  torrent  may  be  sufiScient  to  cut  out  a great  gully  in  a 
short  space  of  time. 

The  extent  of  washing  to  which  the  soil  is  exposed  depends  upon  the 
quantity  of  rainfall  in  a given  time,  the  slope  or  contour  of  the  surface, 
the  texture  of  the  soil,  the  vegetative  covering  of  the  surface,  and  the 
kind  and  condition  of  cultivation.  A soil  composed  chiefly  of  moder- 
ately coarse  grains  of  sand,  and  having  good  underdrainage,  will 
absorb  the  heaviest  rainfall  without  much  danger  of  surface  erosion. 


Tig.  2. — Another  effect  of  erosion. 


A clay  soil,  on  the  other  hand,  into  which  the  water  can  not  percolate 
with  anything-  like  the  rapidity  of  the  precipitation,  will  be  washed  and 
gnllied  by  the  torrent  of  water  which  must  flow  over  the  snrfaco. 

CHEMICAL  RELATIONS  OF  THE  SOIL  TO  SURFACE  WASHINO. 

It  has  been  repeatedly  shown  by  experiments  and  by  the  experiences 
of  farmers  that  a soil,  as  a rule,  absorbs  water  more  readily  as  the  con- 
tent of  organic  matter  and  of  humus  increases.  Surface  erosion  can, 
therefore,  be  largely  prevented  by  such  a system  of  cultivation  and 
cropping  as  will  introduce  as  large  a quantity  of  organic  matter  into 
the  soil  as  possible,  A very  old  method  of  recovering  washed  and  gul- 
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lied  lands  is  to  place  straAv  in  the  furrows  while  plowing,  the  straw  not 
only  acting  mechanically  to  hold  the  soil  in  place  and  prevent  surface 
erosion,  but  also  in  a very  efficient  way  to  increase  the  quantity  of 
humus,  thus  making  the  soil  hold  large  quantities  of  water  which 
otherwise  would  have  passed  off  over  the  surface.  In  this  simple  way 
fields  which  have  been  badly  washed  and  gullied  and  entirely  aban- 
doned may  be  recovered  and  made  highly  productive. 

The  most  important  thing  in  the  recovery  of  waste  fields  is  the 
incorporation  of  organic  matter  of  some  kind  in  the  soil;  pea  vines, 
stubble,  briers,  or  leaves  from  the  forest  may  be  used  as  a source  of  the 
organic  matter.  The  straw  from  one  acre  of  land  which  has  been  recov- 
ered, as.  mentioned  above,  will  be  sufficient  to  start  the  recovery  of 
another  acre,  even  if  this  be  deeply  furrowed  with  gullies.  Where 
enough  organic  matter  can  be  used  as  a surface  dressing,  this  layer 
helps  greatly  to  retain  water  and  to  make  the  underlying  soil  more 
absorbent. 

As  soon  as  a sufficient  supply  of  humus  has  been  accumulated 
and  the  lands  are  brought  up  to  an  adequate  condition  of  fertility, 
clover  or  grass  should  be  seeded,  if  the  land  is  at  all  suited  to  these 
crops,  or  rye,  oats,  or  field  peas  should  be  sown  to  help  hold  the  sur- 
face. Little  by  little,  but  more  rapidly  than  would  be  expected  from 
the  forbidding  aspect  of  the  field,  the  land  can  be  reclaimed  again  and 
made  productive  through  the  accumulation  of  humus  and  organic  mat- 
ter. A soil  containing  a fair  quantity  of  humus  will  wash  less  readily 
than  one  nearly  destitute  of  this  matter. 

A soil  containing  a fair  supply  of  lime  is  much  less  liable  to  wash 
than  one  similarly  situated  and  exposed  which  is  deficient  in  lime. 
The  reason  of  this  is  that  clays  which  are  deficient  in  lime,  when  once 
brought  into  suspension  by  moving  waters,  will  remain  in  suspension 
and  keep  the  water  turbid  for  a long  time.  Clays  which  are  heavily 
impregnated  with  lime  salts,  on  the  other  hand,  are  in  a flocculated 
state,  the  fine  grains  of  clay  being  held  together  and  in  contact  with 
the  larger  grains  of  sand.  This  flocculated  mass  quickly  settles  and  is 
originally  not  so  easily  disturbed  and  carried  off  by  moving  water.  A 
field  treated  with  an  abundance  of  lime  is  thus  less  easily  washed  by 
heavy  rains.  The  results  of  investigations  by  Schulze,  Schloesing,  and 
Ililgard  have  shown  in  a most  emphatic  way  the  beneficial  changes 
which  take  place,  especially  in  stiff  clay  soils,  bytheapjflicationof  lime. 

The  change  in  the  physical  condition  of  the  soil  which  is  produced 
by  the  lime,  and  which  is  likewise  produced  by  a number  of  otlier 
chemicals  ordinarily  used  in  commercial  fertilizers,  is  another  impor- 
tant factor  worthy  of  consideration.  A stiff  clay  soil  is  practically 
impervious  to  the  penetration  of  surface  water  when  it  is  delivered  in 
such  torrents  as  we  are  liable  to  have  in  our  summer  storms.  A well- 
limed  soil,  on  the  contrary,  although  it  may  contain  as  much  clay  but 
in  which  the  particles  are  flocculated  or  drawn  together,  is  much  more 
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pervious  to  water,  and  the  amount  of  water  which  the  soil  will  carry 
down  through  uuderdraiuage  is  increased,  and  the  excess  which  has 
to  flow  otf  over  the  surface  is  diminished.  The  surface  washing  of  cul- 
tivated fields,  especially  those  which  are  naturally  deficient  in  lime,  can 
be  greatly  diminished,  therefore,  by  the  free  application  of  this  sub- 
stance to  them. 

A number  of  the  ordinary  fertilizing  materials  have  an  important 
eflect  upon  the  texture  of  soils  and  upon  the  permeability  of  soils  to 
water,  but  few  systematic  investigations  have  been  carried  on  in  this 
line  and  not  much,  except  of  local  importance,  has  been  definitely  set- 
tled by  experiments  or  by  the  experiences  of  farmers. 

WASHlNa  OF  LANDS  MAY  BE  PREVENTED  BY  METHODS  OF  CULTIVA- 
TION AND  UNDERDR AINAOE. 

The  dei)th  and  character  of  the  tillage  are  very  important  factors  in 
the  washing  of  lands.  A field  in  a condition  of  fine  tilth  and  plowed 
to  a depth  of  10  inches  will  hold  2 inches  of  rainfall  and  absorb  it  very 
readily,  and  a soil  in  such  a condition  will  suffer  no  surface  washing 
from  any  ordinary  rainfall.  Where  it  is  possible,  therefore,  land  which 
is  apt  to  wash  should  have  the  soil  gradually  deepened  and  be  kept  in 
a fine  state  of  tilth  so  as- to  increase  the  storage  capacity  for  excessive 
precipitations.  This  will  not  only  save  the  surface  from  being  washed 
and  gullied,  but  it  will  also  increase  the  store  of  moisture  held  by  the 
soil,  which  is  of  very  great  value  in  the  time  of  drought. 

It  is  important  also  for  this,  as  for  other  reasons,  that  the  soil  be  covered 
with  vegetation  as  much  as  possible  throughout  the  year,  as  the  roots 
and  organic  matter  serve  to  bind  the  grains  of  the  soil  together.  In 
some  parts  of  Holland  the  drifting  sands  of  the  coast,  which  shift  their 
position  with  every  storm,  often  cover  up  valuable  farming  lands. 
Vast  areas  of  these  sands  have  been  reclaimed  and  made  productive  by 
being  covered  with  vegetation,  while  the  roots  and  remains  of  organic 
matter  hold  the  soil  grains  in  place  and  prevent  them  from  drifting  and 
covering  up  more  valuable  lands.  Any  crop  which  requires  very  clean  cul- 
ture, as  for  example,  cotton,  is  exhausting  to  the  land  for  the  reason  that 
constant  exposure  of  the  surface  to  the  sun  and  storms  uses  up  the 
organic  matter,  makes  the  soil  less  porous,  and  the  soil  particles  them- 
selves are  more  easily  washed  away ; so  that,  this  clean  cultivation  is 
in  its  effects  very  favorable  to  excessive  erosion.  With  crops  which 
require  such  clean  cultivation  it  is  very  advantageous  to  sow  some  crop 
like  rye  in  the  field  during  the  last  working  of  the  crop  both  to  bind 
the  surface  and  protect  it  from  washing  in  the  winter  and  for  other 
benefits  which  such  a covering  provides. 

Another  very  eff  ective  method,  when  properly  carried  out,  to  prevent 
the  washing  of  lands  is  to  underdrain  the  soil  with  tile  or  other 
drains.  These  drains  carry  off*  quite  rapidly  an  excess  of  moisture,  so 
that  much  more  of  the  rainfall  is  absorbed  by  the  soil  and  carried  off* 
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through  the  drains  and  less  washes  over  the  surface  of  the  land.  Not 
only  this,  but  a well-underdrained  field  is  usually  dryer  and  more 
porous,  and  has  a greater  capacity  for  absorbing  the  excessive  rainfall 
and  thus  preventing  surface  washing.  Afield  thoroughly  underdrained 
with  tile  drains  will  carry  off  the  water  of  any  ordinary  rainfall  with- 
out any  surface  erosion.  This  method  is  very  effective,  but  is  like- 
wise very  expensive,  and  can  not  be  used  economically  in  extensive 
farming  solely  for  this  purpose  of  protecting  the  land  from  washing. 

While  the  land  may  thus  be  made  more  porous  and  more  absorbent 
of  water — through  the  increase  of  the  amount  of  organic  matter  or  of 
humus,  through  the  use  of  lime  and  other  fertilizing  material,  through 
the  deepening  of  the  soil  by  gradually  increasing  the  depth  of  culti- 
vation, by  so  cropping  it  that  it  shall  be  covered  with  vegetation  as 
much  of  the  year  as  possible,  and  by  underdraining  the  land — still, 
these  methods  may  not  be  sufficient  to  so  change  the  chemical  and 
physical  texture  of  the  soil  as  to  enable  it  to  absorb  the  rain  as  it  falls 
and  to  prevent  an  excess  of  water  washing  and  eroding  the  surface 
where  the  contour  of  the  land  is  such  as  to  promote  erosion  from  the 
surface  flow  of  the  excess  of  water. 

It  will  be  necessary  in  this  case  to  provide  for  a more  uniform  distri. 
bution  of  the  flow  over  the  surface,  and  to  iDrevent  any  accumulation 
of  water  which  would  have  the  effect  of  a torrential  stream.  This  is 
secured  in  a great  measure  by  laying  off'  the  rows  according  to  the 
contour  of  the  surface,  so  that  each  row  will  have  a very  slight  incline 
of  not  more  than  from  1 to  6 inches  in  100  feet,  and  in  which  the  flow 
of  water  would  be  so  slow  that  there  would  be  little  or  no  erosion. 
Theoretically,  this  is  a fine  idea,  to  let  each  row  carry  off'  its  own  pro- 
portion of  the  excess  of  rainfall  so  gently  that  there  shall  be  no  erosion, 
thus  acting  as  a minature  drain.  Practically,  however,  it  is  often 
impossible  to  keep  these  rows  from  breaking  through,  and  when  the 
bed  is  once  broken  and  the  water  Overflows  into  the  next  row  the 
accumulation  of  water  is  sufficient  to  break  down  bed  after  bed  until 
the  rows  from  all  the  field  are  discharging  into  this  narrow  channel. 

To  overcome  this  difficulty  sidehill  ditches  may  be  used  in  which 
larger  and  more  substantial  ditches  are  provided,  following  very  nearly 
the  contour  of  the  field,  so  that  there  shall  be  a fall  of  from  1 to  6 
inches  in  100  feet.  The  distance  apart  of  the  ditches  will  depend 
upon  the  slope  of  the  field;  with  a very  steep  slope  they  should  be 
close  together,  often  not  over  6 to  10  feet  apart;  with  a gentle  slope 
they  should  be  at  intervals  of  15  or  20  feet,  or  even  farther  apart, 
depending  upon  the  texture  of  the  soil  and  the  contour  of  the  surface. 

These  sidehill  ditches  are  very  easily  constructed,  being  made 
almost  entirely  with  the  plow.  A bank  is  formed  by  running  a 
number  of  furrows,  throwing  the  dirt  toward  the  middle.  The  last 
furrow  on  the  upper  side  is  cleaned  out  with  a spade  to  form  the 
bottom  of  the  ditch.  If  the  plow  is  well  handled  it  takes  very  little 
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work  with  the  spade  to  make  a very  substantial  ditch.  It  is  well  to 
get  the  bank  forming  the  lower  side  of  the  ditch  sodded  with  grass  to 
help  hold  it  and  to  lessen  the  danger  of  its  giving  way  during  a heavy 
rainfall.  When  the  slope  is  thus  protected  with  a number  of  ditches 
at  the  proper  distance  apart,  the  rows  can  be  given  a rather  steeper 
fall  so  that  they  shall  run  out  into  the  drains  at  frequent  intervals  and 
not  have  to  carry  the  water  so  far.  These  ditches  have  to  be  con- 
structed with  care  and  have  to  be  strengthened  where  they  cross  any 
depression  or  sudden  curve  by  building  up  an  embankment  with 
sticks  and  brush  thrown  across  to  support  the  embankment.  Unless 
these  ditches  are  thoroughly  constructed  they  are  worse  than  useless, 
for  if  they  break  they  concentrate  a volume  of  water  upon  one  point 
in  the  field  which  would  otherwise  have  been  distributed  over  the  sur- 
face, and  this  often  forms  a torrent  which  does  great  damage. 


Fig.  3. — Showing  construction  of  sidehill  ditches. 


It  is  essential  that  these  ditches  and  rows  be  run  according  to  the 
contour  of  the  surface  of  the  land,  and  that  there  shall  be  no  low  places 
where  the  water  would  accumulate  and  gather  force.  They  should 
always  be  run  with  a level,  of  which  there  are  several  forms  on  the 
market  suitable  for  this  work. 

A more  efficient,  but  at  the  same  time  much  more  expensive,  method 
of  preventing  the  washing  of  lands  where  there  is  a considerable  slope, 
is  to  terrace  the  fields  so  that  there  shall  be  level  steps  upon  which  the 
water  can  rest  for  a while  and  be  absorbed.  In  terracing  the  lines  are 
run  with  a spirit  level  following  the  contour  of  the  surface  so  as  to  give 
a perfectly  level  line.  A furrow  is  run  along  this  line,  and  a similar 
furrow  is  run  along  a lower  contour,  the  distance  apart  depending  upon 
the  nature  of  the  land  and  the  slope  of  the  surface,  as  in  case  of  sidehill 
ditches.  Theoretically,  it  is  intended  to  have  the  surface  between  these 
two  furrows  level  so  that  there  will  be  no  chance  for  the  water  to  run 
oft*  over  the  surface.  On  a small  scale  this  leveling  can  be  done  with 
a horse  shovel,  and  the  land  thus  put  at  once  into  a condition  to  pre. 
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vent  washing.  In  this  case  the  banks  of  the  terrace  are  sodded  or 
seeded  with  grass  to  prevent  them  from  washing.  In  field  practice,  how- 
ever, the  soil  is  moved  gradually  with  a plow,  the  furrow  being  thrown 
always  downhill  and  the  soil  gradually  worked  down  to  a level  plain. 
There  are  seveial  forms  of  reversible  plows  which  are  admirably 
adapted  to  this  purpose,  being  turned  readily  from  a right  to  a left  handed 
ifiow,  so  that  in  going  back  and  forth  the  furrow  is  always  thrown  down- 
hill. It  requires,  of  course,  a number  of  years  of  such  cultivation  to 
get  the  surface  into  even  approximately  a level  condition,  but  with 
patience  and  thorough  cultivation  the  soil  very  quickly  assumes  a com- 
paratively level  aspect,  and  erosion  is  reduced  to  a minimum.  This  is 
a more  expensive  method,  but  if  intelligently  done  it  is  much  more  efticient 
and  much  more  durable  than  depending  upon  sidehill  ditches  to  prevent 
erosion.  As  was  said  in  the  case  of  the  sidehill  ditches,  unless  this 
work  is  well  done  it  had  much  better  be  left  undone,  as  it  may  seri- 
ously injure  the  field. 


Fig.  4.— Showing  method  of  terracing  farm  lands. 


Where  erosion  has  proceeded  so  far  as  to  render  the  land  at  present 
unfit  for  cultivation,  or  where  the  land  is  not  needed  for  cultivation  and 
it  is  desired  to  prevent  erosion,  the  land  should  be  given  up  to  trees, 
herbs,  or  grasses  of  some  kind  according  to  one  or  the  other  of  the  fol- 
lowing methods. 

RECOVERING  GULLIED  HILLSIDES  BY  REFORESTATION. 

Forest  ground  is  not  subject  to  this  erosive  action  of  the  rainfall 
because  iii  a forest  a large  part  of  the  rainfall  never  reaches  the  soil,  as 
L*0  or  30  per  cent  is  intercepted  by  the  foliage  and  evaporated  before  it 
reaches  the  ground.  The  rainfall  which  reaches  the  surface  is  rapidly 
absorbed,  as  the  soil  is  kept  granular  and  loose  and  much  more  of  the 
water  is  carried  off  by  underdraiuage  rather  than  by  surface  drainage. 

The  forest  covering  protects  the  soil  in  the  following  Avays: 

(1)  By  preventing  rain  from  falling  directly  upon  the  soil,  the  foliage 
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of  the  tree  crowns  intercei)ting  and  breaking  its  force,  the  water  reach- 
ing the  soil  more  gently  from  the  leaves  and  along  the  branches  and 
trunks  of  the  trees. 

(2)  By  interposing  a loose  cover  or  mulch  of  litter  formed  by  the 
fallen  leaves  and  branches,  which  breaks  the  direct  force  of  the  rain- 
drops and  keeps  the  soil  from  being  compacted  or  puddled  by  their 
blows. 

(3)  The  deeply  penetrating  roots,  and  holes  left  from  decayed  stumps 
and  roots  of  trees,  assist  in  this  underground  drainage. 

(4)  The  litter  with  the  stumps  and  x>rojecting  roots  and  trunks  of 
trees  prevent  the  water  from  rapidly  running  over  the  ground  and 
from  gaining  the  momentum  and  force  which  is  necessary  in  order  to 
erode  and  gully  the  soil. 

(5)  The  forest  cover  prevents  the  drifting  and  the  rapid  thawing  of 
snow,  thereby  insuring  more  even  distribution  of  the  waters  and  an 
increase  in  the  time  during  which  it  can  percolate  or  be  absorbed  into 
the  soil. 

If  the  forest  floor  is  not  disturbed  by  Are,  nor  the  litter  trampled  and 
compacted  by  cattle,  it  always  reduces  rapid  surface  drainage  and 
largely^  if  not  entirely,  prevents  erosive  action. 

RECOVERY  OF  WASHED  SOILS. 

Just  as  deforestation  of  hillsides  and  hilltops  is  the  first  cause  for 
inducing  erosive  action,  so  is  reforestation  the  most  eflective  means  in 
curing  the  evil.  This  has  been  demonstrated  in  France,  where  the 
Government  and  the  farmers  together  have  spent,  during  the  last  thirty 
years,  over  $40,000,000  and  expect  to  expend  three  or  four  times  that 
amount  to  reforest  1,000,000  acres  of  denuded  mountain  sides,  the  soil 
and  debris  from  which  has  been  carried  by  the  torrents  of  water  into 
the  plain,  covering  over  8,000,000  acres  of  fertile  ground  and  making  it 
useless  for  agriculture.  Sodding  for  pasture  has  been  found  mostly 
less  effective  and  on  the  steeper  slopes  entirely  ineffective. 

Wherever  the  ground  in  the  hill  country  is  not  fit  for  agricultural 
use  it  should  be  set  and  kept  in  forest,  not  only  to  make  it  produce  a 
timber  crop,  but  also  to  prevent  the  erosion  which  finally  becomes  dan- 
gerous to  the  lower  valley  lauds.  Wherever  agriculture  is  possible  and 
profitable  there  should  be  such  a distribution  of  forest,  pasture,  and 
field  as  will  secure  the  greatest  immunity  from  erosive  and  torrential 
action  of  the  waters.  The  forest  should  occupy  all  hilltops  which,  as 
a rule,  have  too  thin  a soil  to  allow  profitable  agricultural  use;  it 
should  be  kept  growing  on  the  steeper  slopes  where  the  water  acquires 
the  greatest  momentum  and  the  loosening  of  the  soil  by  the  plow  fur- 
nishes a most  favorable  condition  for  erosive  action;  it  should  be 
placed  on  all  rocky,  uneven,  agriculturally  useless  spots,  because  it 
will  produce  useful  material  even  on  such  unfavorable  situations,  and, 
finally,  forest  belts  should  be  maintained  on  long  slopes  alternately 
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with  fields  and  pastures,  running  along  the  brow  of  the  slope  of  widths 
and  at  distances  proportionate  to  the  character  of  the  land  and  the 
angle  of  the  slope — on  the  steeper  slopes  closer  together,  on  the 
gentler  slopes  further  apart.  These  belts,  acting  as  a barrier  to  break 
the  force  of  the  water,  will  prevent  an  undue  accumulation  of  surface 
waters  and  will  protect  to  a considerable  degree  the  lower  fields  from 
washing.  Farmers,  therefore,  living  in  the  eroded  hill  country  should 
start  upon  the  work  of  reforestation  with  a well-conceived  plan.  They 
should  determine  beforehand  which  parts  ought  to  be  in  forest,  and 
which  they  may  reasonably  expect  to  adapt  again  to  agricultural  uses. 
They  should  understand  that  they  must  begin  this  work  at  the  origin 
of  the  evil,  at  the  very  tops  of  the  hills  where  the  water  begins  to 
gather  and  acquire  its  force,  and  gradually  proceed  with  their  work 
down  to  the  lower  levels. 

PREPARATION  FOR  PLANTING  FORESTS. 

Although  cultivation  of  the  soil  for  tree  planting  in  the  manner  prac- 
ticed for  field  crops  is  advantageous  to  the  young  plants  for  the  first 
few  years  of  their  life,  it  is  by  no  means  necessary,  and  rough,  broken, 
and  stony  ground,  which  could  not  be  plowed  and  prepared  for  ordi- 
nary field  crops  can  be  readily  planted  in  trees.  If  the  ground  is  in 
such  a condition  that  it  can  be  plowed,  this  is  decidedly  the  best  method 
of  preparing  the  land.  The  plowing  should  in  all  cases  follow  the  con- 
tour of  the  hill  and  be  as  deep  as  possible,  in  order  to  allow  as  much 
water  as  possible  to  soak  into  the  soil  and  so  diminish  surface  erosion 
and  prevent  the  young  trees  being  washed  out.  The  occasional  gullies 
must  be  filled  with  brush  and  soil,  or  stones,  rubble,  and  dirt. 

In  the  deeply  gullied  hill  lands,  where  plowing  has  become  imprac- 
ticable, other  ways  must  be  provided  against  the  further  erosive  action 
of  the  water,  which  would  otherwise  be  apt  to  wash  out  and  uproot  the 
plants.  For  this  purpose  it  is  necessary  to  break  the  force  of  the  water 
by  constructing  brush  dams  across  the  gullies,  and  roughly  fill  in  the 
latter  with  stone,  gravel,  earth,  etc.,  in  front  and  rear  if  they  are  shal- 
low, and  at  least  in  the  rear  if  they  are  deeper.  Where  the  ravines  are 
especially  deep  and  wide  it  may  become  necessary  to  supplement  and 
strengthen  the  rough  dam  with  a loose  rubble  embankment  or  a dry 
wall  of  stone.  A simple  and  efficient  method  has  been  practiced  in 
France,  which  consists  in  filling  up  the  ravine  with  brush  placed 
lengthwise  and  keeping  this  down  by  poles  laid  across  and  fastened  in 
the  sides  of  the  ravine.  The  waters  are  thus  allowed  to  drain  off,  while 
the  soil  carried  by  them  is  retained  in  and  over  the  brush,  and  in  a 
short  time  the  gulley  will  fill  up  of  its  own  accord.  Then  alders  and 
willows  are  planted  along  the  edge  and  soon  finish  the  work  of  securing 
the  ravine  against  washing.  The  means  for  thus  breaking  the  force  of 
the  water  in  the  gullies  and  changing  it  from  a rushing  torrent  into  a 
series  of  gentle  falls,  and  in  part  from  surface  drainage  into  g^^ferraneau 
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drainage,  and  of  filling  up  the  gullies  themselves  will  have  to  be  devised 
in  every  special  case  as  circumstances  permit  and  the  ingenuity  of  the 
operator  suggests.  The  brush  dam  is  preferably  made  of  willow,  pop- 
lar, alder,  or  other  readily  sprouting  material,  which  becomes  alive  and 
by  striking  root  adds  to  the  firmness  of  the  dam. 

It  is  especially  needful,  as  in  all  kinds  of  dams,  to  fasten  the  ends 
securely.  According  to  the  steepness,  depth,  and  width  of  the  ravine 
more  or  less  frequent  dams  are  necessary.  The  accompanying  illustra- 
tion shows  how  such  work  is  being  done  successfully  in  France.  After 
the  brush  dams,  walls,  and  other  breastworks  have  been  established, 
the  waters  may  be  allowed  to  do  the  work  of  filling  up  the  gullies 
themselves,  which  they  will  do  sooner  or  later,  or  else,  where  it  can  be 
readily  accomplished,  the  filling  may  be  done  by  hand. 


Fig.  5.— Construction  of  a brush  dam. 


It  must  be  understood  that  unless  this  preliminary  work  is  well  done 
and  systematically,  beginning  at  the  very  tops  of  the  hills  where  the 
waters  start,  it  is  not  worth  doing  at  all,  since  the  water  if  allowed  to 
get  headway  would  soon  wash  away  and  destroy  any  imperfect  work. 

PLANTING. 

To  cover  the  soil  as  quickly  as  possible  with  a dense  and  permanent 
arborescent  cover  is  the  object  to  be  attained.  Where  the  soil  has  not 
been  so  far  eroded  that  plowing  could  be  done,  it  might  be  best  for  the 
first  season  to  sow  oats,  field  peas,  or  other  crops  that  will  readily  grow 
and  make  a cover.  This  may  be  cut  for  green  fodder,  leaving  a high 
stubble,  and  tree  seed  can  be  sown  broadcast  with  the  fodder  crop  in 
the  early  summer,  or  over  the  stubble  after  the  crop  is  cut  in  the 
late  summer  and  fall.  The  cheapest  and  most  readily  germinating 
tree  seed  should  be  looked  for  and  the  quantity  used  per  acre  should 
7770— No.  20 2 
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be  lavish,  to  secure  a dense  stand  from  the  first.  The  most  readily 
available  kinds  are  the  silver  or  red  maple,  box  elder,  elms,  ash,  and 
black  locust  j and  since  for  various  reasons  variety  or  mixed  woods  are 
preferable,  it  is  advisable  to  use  as  many  kinds  as  can  be  readily 
obtained. 

The  soft  and  red  maples  ripen  their  seed  in  early  spring,  just  about 
when  the  leaves  are  at  full  size,  and  should  be  gathered  and  sown 
immediately,  as  they  spoil  in  a short  time.  Sown  with  a field  crop  they 
will  make  a good  growth  the  first  year,  benefited  by  the  shade  of  the 
crop.  To  provide  amply  for  loss  by  failure  and  by  destruction  when 
reaping  the  field  crop,  not  less  than  three  to  four  bushels  per  acre  of  the 
winged  seed  should  be  sown. 

The  elms  ripen  their  seed  in  the  early  summer,  by  the  end  of  May  or 
beginning  of  June.  As  they  spoil  in  a few  hours,  if  allowed  to  heat  in 
bags,  they  must  be  carefully  handled  and  be  sown  soon  after  ripening. 
The  same  quantity  should  be  sown  as  of  the  maples,  or  somewhat  more, 
and  they  may  be  sown  after  the  maples.  The  box  elder  is  a very  hardy 
and  densely  foliaged  ])lant  which  ripens  its  seed  in  the  early  fall.  They 
should  be  sown  soon  after  ripening  at  the  same  rate  as  the  maples. 
Of  the  several  varieties  of  ash,  the  green  and  white  are  to  be  recom- 
mended, especially  the  former,  which  bears  fruit  early  and  plentifully, 
and  is  perhaps  more  hardy  than  the  white.  The  latter  is,  however, 
superior  in  its  timber.  The  seed  ripens  by  the  end  of  September  aod 
the  beginning  of  October,  and  although  it  will  keep  over  winter,  it  is 
best  sown  soon  after  gathering,  when  the  rains  and  winter  snows  will 
carry  it  through  the  stubble  to  germinate  next  spring. 

hinally,  with  a view  to  adding  a more  valuable  species,  which  at  the 
same  time  is  readily  procured  and  propagated,  the  black  locust  should 
be  introduced.  The  seeds  rii)en  in  July  or  August  and  have  the  advan- 
tage of  keeping  readily  in  good  condition,  and  may  therefore  be  sown 
at  any  time,  but  are  best  used  soon  after  ripening.  This  species  should 
never  be  planted  alone,  because  it  does  not  shade  the  ground  well,  but 
when  mixed  with  other  shadier  kinds,  which  by  their  fuller  foliage  give 
better  soil  protection  and  at  the  same  time  reduce  the  danger  from  the 
borer,  to  which  the  black  locust  is  otherwise  liable,  it  is  one  of  the  most 
useful  species  for  the  purpose,  because  it  grows  readily  and  quickly  and 
suckers  and  sprouts  vigorously,  thus  insuring  a continuous  soil  cover. 
With  a tolerably  dense  cover  of  other  species  assured,  an  addition  of  one 
or  two  pounds  per  acre  of  locust  seed  will  greatly  enhance  the  economic 
value  of  the  plantation. 

Where  the  ground  is  too  much  cut  up  and  too  uneven  to  permit  of 
plowing,  recourse  must  be  had  to  sowing  of  seed  in  plats,  or  ijlanting 
of  seedlings  or  cuttings  by  hand.  This  is  naturally  much  more  expen- 
sive, and  therefore  should  be  done  with  greater  care  and  foresight. 
Plats  may  be  made  by  loosening  the  soil  with  a hoe  or  spade,  and  sow- 
ing the  seed  into  these  seed  beds,  covering  the  seed  only  slightly.  The 
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jjlats  should  be  3 to  4 feet  apart  -to  make  sufficiently  rapid  cover. 
The  success  of  this  method  is,  however,  very  questionable,  as  not  only 
the  germinating  of  the  seed  under  the  prevailing  conditions  is  precari- 
ous, but  rains  are  apt  to  wash  out  the  seed  or  young  seedlings.  The 
best  success  may  perhaps  be  obtained  with  black  locust  or  oak,  the  seed 
of  which  can  be  placed  deeper  (1  to  2 inches)  according  to  soil  condi- 
tions, with  a hope  of  germinating  and  avoiding  the  danger  of  washing. 
The  surer  method,  however,  will  be  found  in  j)lanting  seedlings  or 
cuttings.  Seedlings  are  not  only  expensive  but  also  more  precarious 
to  handle,  hence  for  the  bulk  of  the  plantation  such  kinds  as  can  be 
readily  obtained  and  propagated  by  cuttings  are  used,  and  if  desired  a 
sufficient  number  of  seedlings  of  better  kinds  can  be  added  to  increase 
the  timber  value  of  the  plantation. 


The  cheapest  and  most  readily  growing  material  for  the  general  cover 
is  furnished  by  the  willows  and  poplars,  to  which  may  be  added  the 
box  elder,  the  black  locust,  and  the  catalpa,  while  other  more  valuable 
kinds  may  be  introduced,  when  the  first  cover  has  been  established,  by 
the  planting  of  2 or  3 year  old  plants  in  single  specimens. 

The  cuttings  are  best  taken  in  winter  before  vegetation  begins 
(before  the  1st  of  March),  and  should  belaid  in  water  until  planting 
time,  in  April;  they  should  be  cut  14  or  IG  inches  long  from  3, 2,  or  even 
1 year  wood,  if  of  good  size,  and  preferably  from  the  main  shoots.  For 
planting,  an  iron  dibble  with  handle,  somewhat  like  that  shown  in  Fig. 
6 is  used,  and  a half  conical  shoe  12  inches  long  and  2^  to  3 inches  in 
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diameter  is  also  a useful  instrument.  If  the  soil  to  be  planted  is 
rather  compact  and  hard,  a step  may  be  added — to  be  used  like  a 
spade.  The  dibble  is  thrust  into  the  ground  to  its  full  depth,  loosened 
and  withdrawn  j a boy  holds  the  cutting  into  the  hole  so  that  about 
two  or  three  buds  remain  above  ground;  a second  thrust  somewhat 
slanting,  2 inches  or  so  from  the  first  hole,  and  a forward  movement 
closes  the  hole  and  plants  the  cutting,  while  a few  additional  short 
thrusts  close  the  last  hole.  Two  skillful  men,  with  a boy  to  serve  both 
in  placing  the  cuttings,  can  plant  3,500  in  a day.  Seedlings,  of  course, 
are  planted  in  the  same  way. 

The  first  and  principal  object  being  to  break  the  force  of  the  surface 
waters,  the  arrangement  in  setting  out  the  plants  should  be  as  nearly 
as  possible  in  horizontal  and  parallel  rows  along  the  brow  of  the  hill, 
following  the  contours.  To  get  a full  cover  as  soon  as  possible  the 
plants  should  be  set  not  farther  apart  than  3 to  4 feet  and  even  less, 
making  from  5,000  to  7,000  per  acre.  If  this  is  found  too  expensive,  or  for 
some  reason  impracticable  to  be  done  at  once,  the  work  may  be  reduced 
and  divided  into  several  seasons;  the  rows  then  may  be  made  farther 
ai^art,  say  from  6 to  16  feet,  according  to  the  slope,  and  tlie  plants  in 
the  row  2 feet,  when  the  number  will  be  one-half,  or  less.  Additional 
rows  and  perhaps  of  better  classes  of  timber,  especially  oaks,  chestnuts, 
tulip  trees,  ash,  walnut,  and  others  may  be  introduced  in  the  following 
seasons,  the  soil  having  come  to  rest  by  the  first  plantings;  or  else  the 
trees  and  shrubs  grown  in  the  first  rows  can  be  utilized  to  establish  a 
cover  by  layering  their  branches.  This  is  done  simply  by  bendingdown 
branches, fastening  them  to  the  ground  by  small  wooden  forks  or  clamps, 
and  covering  a i^art,  say  6 or  10  inches  from  the  end,  with  soil,  when 
they  will  strike  root  and  the  next  year  the  bent-down  branches  may  be 
cut  loose  from  the  new  stock.  The  branches  must  be  covered  with 
enough  earth  to  insure  that  sufficient  moisture  is  at  their  disposal  for 
root  formation;  covering  the  buried  part  with  a sod  or  a stone,  which 
prevents  evaporation,  is  advantageous. 

Whatever  is  done  in  such  a work  of  recovering  lost  ground,  let  this 
Tact  never  be  forgotten,  that  it  is  better  to  do  a small  part  well  than  a 
large  part  indifferently,  which  usually  means  lost  labor. 

GRASSES  AND  SIMILAR  VEGETATION  PREVENT  EROSION  AND  WASH- 
ING OF  AGRICULTURAL  LANDS. 

On  gentle  slopes  a good  turf  of  pereifnial  pasture  grasses,  especially 
those  with  creeping  rootstocks,  prevents  erosion,  or  washing,  of  lands, 
and  short  steep  embankments  may  also  be  protected  with  this  same 
covering.  On  longer  and  steeper  slopes,  however,  this  method  is  not 
so  effective  as  that  of  reforestation. 

In  enumerating  the  effects  to  be  obtained  by  the  growth  of  grasses 
and  other  herbaceous  vegetation  on  washing  lands,  or  lands  liable  to 
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1)6  eroded,  it  should  be  stated  that  such  growths  are  calculated  to 
break  the  force  of  the  rainfall  and  prevent  its  packing  the  soil;  to 
render  the  ground  more  porous  through  the  root  penetration  into  the 
subsoil ; to  make  the  soil  more  absorbent  and  more  retentive  of  mois- 
ture through  the  addition  of  humus  to  the  soil  from  the  decay  of  the 
I)lants;  to  retard  the  rate  with  which  the  surface  waters  flow  off,  and 
lastly,  to  bind  the  particles  of  soil  together,  which  is  especially  effective 
in  the  case  of  light  sandy  lands  and  of  newly  formed  embankments, 
whether  of  sand  or  clay. 

The  turf  which  would  answer  the  present  purposes  should  be  com- 
posed of  perennial  grasses  of  varieties  which  have  creeping  rootstocks, 
and  it  is  frequently  essential  that  they  be  able  to  grow  upon  an  im- 
poverished and  often  hard  soil.  To  secure  a strong  turf  on  lands  of 
this  character  it  is  very  important  that  the  soil  be  put  into  the  best 
possible  condition.  Where  practicable  the  soil  should  be  thoroughly 
plowed  or  loosened,  and  some  variety  of  field  pea  or  clover  be  seeded 
down,  such  as  the  cowpea,  Japan  clover,  or  the  crimson  clover,  all  well 
adapted  to  this  purpose.  These  crops  may  either  be  cut  ofl",  leaving  a 
high  stubble  to  be  turned  under,  or  the  whole  may  be  plowed  under, 
thus  furnishing  a quantity  of  organic  matter  to  the  soil  as  a prepara- 
tion for  the  grasses  which  are  to  be  seeded.  As  drought  is  one  of  the 
most  serious  conditions  to  be  contended  with  on  lands  of  this  character, 
crimson  clover  is  one  of  the  best  of  these  green  manuring  crops,  as  it 
makes  most  of  its  growth  in  the  winter  months,  when  there  is  less 
liability  of  drought.  This,  however,  can  not  be  used  too  far  North,  as 
it  does  not  stand  the  winters  well. 

With  this  preparation  of  the  soil  Bermuda  grass  is  one  of  the  best 
grasses  for  the  purpose  of  preventing  erosion,  or  of  reclaiming  eroded 
land  in  the  South.  This  should  be  planted  by  cutting  up  a turf  rather 
than  by  seeding,  as  the  seeds  do  not  germinate  very  readily,  even 
where  they  have  been  gathered  in  a mature  condition.  Care  must  be 
taken  in  the  introduction  of  this  Bermuda  grass,  as  it  is  exceedingly 
troublesome  in  the  cotton  field.  In  the  North  the  English  blue  grass  is 
one  of  the  best  grasses  for  I his  purpose,  and  the  Hungarian  brome  is 
valuable  for  the  same  purpose  in  both  localities. 

Where  the  soil  will  support  other  good  turf  grasses  of  higher  value 
for  hay  or  i)asturage,  or  where  the  soil  can  be  brought  into  a condition 
to  support  them,  these  more  valuable  grasses  should  be  introduced. 
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Office  of  Experiment  Stations, 
Washington,  D.  C.,  September  25,  1894. 

Sir:  I have  the  honor  to  transmit  herewith  for  publication  as  a Farmers’  Bulletin 
an  article  on  barnyard  manure,  prepared  under  my  direction  by  W.  H.  Beal,  of  this 
Office.  I feel  sure  that  the  importance  of  the  manure  produced  by  domestic  animals 
in  the  economical  management  of  our  farms  is  not  sufficiently  appreciated,  and  hope 
that  the  presentation  of  the  case  in  the  light  of  the  best  practice  allied  to  the  most 
thorough  research  will  serve  to  increase  the  attention  paid  to  this  essential  element 
in  successful  farming.  This  bulletin  will  also  supplement  the  information  given  in 
Farmers’  Bulletin  No.  16,  on  Leguminous  Plants  for  Green  Manuring  and  for  Feeding. 

Respectfully, 

A.  C.  True, 

Director. 


Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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BARNYARD  MANURE.* 


MANURE  AS  A FARM  RESOURCE. 

A well-kept  mauure  heap  may  be  safely  taken  as  one  of  the  surest 
indications  of  thrift  and  success  in  farming.  Neglect  of  this  resource 
causes  losses,  which,  though  vast  in  extent,  are  little  appreciated. 
Waste  of  manure  is  either  so  common  as  to  breed  indifference  or  so 
silent  and  hidden  as  to  escape  notice. 

According  to  recent  statistics  there  are  in  the  United  States,  in  round 
numbers,  16,000,000  horses,  53,000,000  cattle,  45,200,000  hogs,  and 
45,000,000  sheep.  Experiments  indicate  that  if  these  animals  were  kept 
in  stalls  or  pens  throughout  the  year  and  the  manure  carefully  saved 
the  approximate  value  of  the  fertilizing  constituents  of  the  manure 
produced  by  each  horse  annually  would  be  $27,  by  each  head  of  cattle 
$19,  by  each  hog  $12,  and  by  each  sheep  $2.  The  fertilizing  value  of 
the  manure  produced  by  the  different  classes  of  farm  animals  of  the 
United  States  would,  therefore,  be  for  horses,  $432,000,000;  cattle, 
$1,007,000,000;  hogs,  $542,400,000;  and  sheep,  $90,000,000,  or  a total  of 
$2,071,400,000. 

These  estimates  are  based  on  the  values  usually  assigned  to  phos- 
phoric acid,  potash,  and  nitrogen  in  commercial  fertilizers,  and  are  pos- 
sibly somewhat  too  high  from  a practical  standpoint.  On  the  other 
hand,  it  must  be  borne  in  mind  that  no  account  is  taken  of  the  value 
of  manure  for  improving  the  mechanical  condition  and  drainage  of 
soils,  which,  as  the  subsequent  pages  will  show,  is  fully  as  important  a 
consideration  as  its  direct  fertilizing  value. 

Discussing  this  subject  from  a more  practical  standpoint.  Prof.  Eoberts 
has  suggested  $250  as  a conservative  estimate  of  the  value  of  the 
manure  produced  during  seven  winter  months  on  a small  farm  carrying 
4 horses,  20  cows,  50  sheep,  and  10  pigs. 

If  we  assume  that  one  third  of  the  value  of  manure  is  annually  lost 
by  present  methods  of  management,  and  this  estimate  is  undoubtedly 
a conservative  one,  the  total  loss  from  this  source  in  the  United  States, 
as  indicated  by  the  first  figures,  would  be  about  $690,466,000;  or, 
using  Eoberts’s  figures,  the  annual  loss  for  each  farm  would  amount  to 
$83.33. 


*In  this  bulletin  the  term  ^‘barnyard  manure’^  is  used  to  mean  the  solid  and  liquid 
excrement  of  farm  animals  either  alone  or  mixed  with  litter  and  more  or  less  fer- 
mented. 
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It  should  be  clearly  understood  that  when  the  farmer  sells  meat, 
milk,  grain,  hay,  fruits,  vegetables,  etc.,  from  his  farm,  or  neglects  to 
save  and  use  the  manure  produced,  he  removes  from  his  soil  a certain 
amount  of  potash,  phosphoric  acid,  and  nitrogen  that  must  be  restored 
sooner  or  later  if  i^roductiveness  is  to  be  maintained. 

The  following  table  compiled  by  Armsby  shows  the  amount  and 
value  of  fertilizing  constituents  carried  away  from  the  soil  in  different 
l)roducts : 

Mannrial  value  of  farm  2>roducts. 


Pounds  per  ton. 

Value  per  ton. 

Manurial 
value  of 
$10 

worth. 

Nitrogen. 

Phosphor- 
ic acid. 

Potash. 

Nitrogen. 

Phosphor- 
ic acid. 

Potash. 

Total. 

^Meadow  hav 

20.42 

8.2 

26.4 

$3.  47 

$0.57 

$1.  06 

$5. 10 

$5.10 

Clover  liay.' 

40. 16 

11.2 

36.6 

6.  83 

0.  78 

1.46 

9.  07 

9.  07 

Potatoes 

7.01 

3.2 

11.4 

1.19 

0.  22 

0.  46 

1.87 

0. 12 

Wheat  bran 

49.15 

54.6 

28.6 

8.  35 

3. 82 

1.14 

13.31 

8.  32 

Linseed  meal 

105. 12 

32.2 

24.8 

17.  87 

2.  25 

0. 99 

21. 11 

7.  54 

Cotton  seed  meal 

135.  65 

56.2 

29.2 

23.  06 

3. 93 

1. 17 

28. 16 

10.  05 

Wheat 

37.  53 

15.8 

10.6 

6.  38 

1.11 

0. 42 

7.  91 

2.  63 

Oats 

36.  42 

12.4 

8.8 

6.21 

0.  87 

0.  35 

7. 43 

3.  86 

Corn 

33.  06 

11.8 

7.4 

5.  62 

0.  83 

0.30 

6. 75 

3.  78 

Barley 

39.  65 

1.5.4 

9.0 

6.  74 

1.08 

0.  36 

8. 18 

3.  03 

Milk.' 

10.  20 

3.4 

3.0 

1.  73 

0.  24 

O.K 

2.  09 

0.  88 

Cheese 

90.  60 

23.0 

5.0 

15.  40 

1.61 

0.  20 

17.  21 

0.  69 

Live  cattle 

53.  20 

37.2 

3.4 

9.  04 

2.  60 

0. 14 

11. 78 

1.18 

We  learn  from  the  above  table  [says  Armsby]  that  the  farmer  -who  sells  a 
ton  of  hay,  for  example,  sells  in  this  ton  of  hay  fertilizing  ingredients  which,  if 
purchased  in  the  form  of  commercial  fertilizers,  would  cost  him  about  $5.10;  that 
if  he  sells  2,000  pounds  of  wheat  he  sells  an  amount  of  nitrogen,  phosphoric  acid, 
and  potash  which  it  would  cost  him  $7.91  to  replace  in  his  soil  in  the  form  of  com- 
mercial fertilizers.  Or,  looking  at  it  from  a somewhat  different  standpoint,  a farmer 
who  sells,  for  example,  $10  worth  of  wheat  sells  with  it  about  $2.63  worth  of  the 
fertility  of  his  soil.  In  other  words,  when  he  receives  his  $10  this  amount  does  not 
represent  the  net  receipts  of  the  transaction,  for  he  has  parted  with  $2.63  worth  of 
his  capital,  that  is,  of  the  stored-up  fertility  of  his  soil,  and  if  he  does  not  take  this 
into  the  account  he  makes  the  same  mistake  a merchant  would  should  he  estimate 
his  profits  by  the  amount  of  cash  which  he  received  and  neglect  to  take  account  of 
stock. 

If  the  farmer,  instead  of  selling  off  his  crops,  feeds  them  to  live  stock 
on  the  farm  as  far  as  possible,  a large  proportion  of  this  fertility,  as 
has  been  shown  above,  is  retained  on  the  farm;  and  ^^if  the  business 
of  stock  feeding  is  carried  to  the  point  where  feed  is  purchased  in  addi- 
tion to  that  grown  on  the  farm,  a considerable  addition  may  in  this  way 
be  made  to  the  fertility  of  the  farm  at  an  almost  nominal  cost,,  since 
it  is  assumed  that  feed  will  not  be  bought  unless  its  feeding  value  will 
at  least  pay  its  cost.’^  This  commendable  system  of  indirect  purchase 
of  fertilizers  in  feeding  stuffs  is  practiced  largely  in  England  and  other 
European  countries,  and  accounts  for  no  small  share  of  the  profits  of 
stock-raising  in  those  countries. 

But  it  is  evident  that  these  advantages  will  not  be  secured  unless 
the  manure  produced  is  carefully  saved  and  used. 
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The  growing  of  more  leguminous  plants,  such  as  beans,  peas,  clover, 
lupines,  etc.,  as  a means  of  increasing  the  fertility  of  the  soil,  is  strongly 
recommended  both  from  theoretical  and  practical  considerations,  but 
as  a recent  farmers^  bulletin  (No.  16)  of  the  Department  says: 

The  leguminous  crop  is  best  utilized  when  it  is  fed  out  on  the  farm  and  the  manure 
saved  and  applied  to  the  soil.  The  greatest  profit  is  thus  secured  and  nearly  the 
same  fertility  is  maintained  as  in  green  manuring.  * # * farmer  should 

mend  his  system  so  that  the  barnyard  manure  will  be  as  well  cared  for  as  any  other 
farm  product.  Loss  from  surface  washing,  leaching,  fermentation,  and  decay  should 
be  guarded  against.  Then  the  feeding  of  richer  food  will  mean  richer  manure  and 
better  and  cheaper  crops. 

It  is  hard  to  persuade  the  farmer  to  abandon  time-honored  practices 
and  adopt  methods  with  which  he  is  unfamiliar.  He  also  hesitates 
about  incurring  the  uecessary  expense  of  building  suitable  receptacles 
for  the  storage  of  manure,  frequently  assuming  that  this  is  greater  than 
it  really  is.  As  Eoberts  states  ‘Hhe  new  idea  that  the  manure  should 
be  as  carefully  preserved  from  unnecessary  waste  as  any  other  product 
of  the  farm  is  hard  to  put  in  practice,  after  having  stored  for  forty 
years  the  farmyard  manure  under  the  eaves  upon  the  steep  hillside 
which  forms  one  border  of  the  running  brook.” 


Fig,  1. — The  waste  of  barnyard  manure. 


It  is  to  be  feared  that  the  introduction  of  commercial  fertilizers  has 
not  been  without  effect  in  increasing  the  apparent  indifference  with 
which  this  valuable  farm  resource  is  so  often  regarded.  Too  many 
farmers  lose  sight  of  the  fact  that,  as  a rule,  commercial  fertilizers 
should  supplement  and  not  entirely  replace  the  manurial  supplies  ol 
the  farm. 

AMOUNT,  VALUE,  AND  COMPOSITION  OF  MANURE  PRODUCED  BY  DIF- 
FERENT ANIMALS. 

It  is  of  great  importance  to  the  farmer  to  know  the  amount  and  value 
of  manure  which  will  be  produced  in  a given  time  by  animals  of  differ- 
ent kinds,  and  various  methods  of  calculating  these  approximately  have 
been  pro^msed.  tSome  authorities  base  their  calculations  upon  the 
amount  of  straw  used  as  litter,  assuming  that  for  1 ton  of  straw  used 
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as  bedding,  4 tons  of  manure  will  be  produced.  Armsby  shows,  from 
carefully  conducted  experiments  with  horses,  that  where  straw  is  used 
as  economically  as  possible  each  horse  will  require  2,500  pounds  of 
straw  per  year  for  bedding  purposes.  Using  this  as  a basis,  he  calcu- 
lates ‘Hhat  a ton  of  wheat  straw,  economically  handled,  may  result  in 
6 toDS  of  fresh  manure,’^  but  under  ordinary  circumstances  it  will  prob- 
ably not  result  in  more  than  5 tons.  ‘^In  stables  where  but  one  or  two 
horses  are  kept  or  where  the  manure  is  infrequently  hauled  away,  the 
product  might  not  greatly  exceed  2^  tons  when  the  time  came  to  remove 
it.” 

Probably  the  most  accurate  method  which  has  been  used  is  that 
adopted  by  Heiden  and  others,  which  bases  all  calculations  upon  the 
amount  of  food  consumed  and  litter  used. 

The  dried  excrement  of  horses,  cows  and  other  neat  cattle,  and  sheep 
is  nearly  one  half  of  the  dry  food  consumed.  One  hundred  pounds  of 
dry  matter  in  food  consumed  by  horses  yields  210  pounds  of  manure, 
containing  on  an  average  77.5  per  cent  of  moisture.  To  this  should 
be  added  the  weight  of  bedding  (amounting  to  about  6J  pounds  per 
day)  in  order  to  get  the  total  product  of  manure.  Making  allowances 
for  dung  and  urine  dropped  outside  of  the  stable,  Heiden  calculates 
that  a well-fed  working  horse  will  produce  50  pounds  of  manure  per 
day,  or  tons  per  year,  which  can  be  saved.  Boussingault’s  and 
HofmeistePs  figures  indicate  this  amount  to  be  5J  to  5J  tonsj  while 
Armsby’s.put  it  at  about  tons.  Cows  and  other  neat  cattle  produce 
manure  containing  on  an  average  87.5  per  cent  of  water.  One  hundred 
pounds  of  dry  matter  consumed  in  food  yields  384  pounds  of  manure, 
to  which  must  be  added  the  amount  of  litter  used,  which,  according  to 
Heiden,  should  be  about  one  third  of  the  dry  matter  fed.  Calculating 
on  this  basis,  a steer  weighing  1,000  pounds  and  consuming  27  pounds 
of  dry  matter  per  day  would  produce  about  20  tons  of  manure  per 
year. 

Sheep  excrete  49J  per  cent  of  the  dry  matter  of  their  food.  The 
manure  contains  on  an  average  73  per  cent  of  water.  One  hundred 
pounds  of  dry  matter  in  the  food  would  therefore  produce  183  pounds 
of  manure.  A 60-pound  sheep,  fed 2 pounds  of  dry  matter  and  receiv- 
ing three  fifths  pound  of  bedding,  would  produce  about  4.1  pounds  of 
manure  per  day,  or  three  fourths  ton  yearly. 

Careful  observations  have  indicated  that  the  pig  produces  from  12 
to  IG  pounds  of  manure  per  day,  or  from  2 to  3 tons  per  year. 

The  following  table  compiled  from  a bulletin  of  the  New  York  Cor 
nell  Station  shows  the  amount  and  value  of  manure  produced  by  the 
principal  kinds  of  farm  animals  fed  liberally  and  given  sufficient  bed- 
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diDgto  keep  them  clean,  calculated  to  a uniform  basis  of  1,000  pounds 
live  weight: 

Amount  and  value  of  manure  produced  per  1,000  pounds  of  live  weight  of  different  animals. 


Amount 
per  day. 

Value 
per  day.* 

Value 
per  year.* 

Sheep  

Pounds. 
34. 1 

Cen  ts. 

7.  2 

.$26.  09 
24.  45 

Calves 

67.8 

6.2 

Pigs 

83.6 

16.  7 

60.  88 

Cows 

74.1 

8.0 

29.  27 

Horses  

48.8 

7.6 

27.  74 

* Valuing  nitrogen  at  15  cents,  phosphoric  acid  at  6 cents,  and  potash  at  cents  per  pound. 


The  fertilizing  constituents  and  the  value  per  ton  of  the  manure 
obtained  under  the  above  conditions  are  shown  in  the  following  table, 
in  which  is  inserted  for  comparison  the  results  of  analyses  by  Storer 
of  manure  of  hens,  which  is  representative  of  that  of  fowls  in  general : 


Analyses  and  value  per  ton  of  manure  of  different  animals. 


Water. 

Nitrogen. 

Phosphoric 

acid. 

Potash. 

Value 
per  ton. 

Sheep  

Per  cent. 
59.  52 

Per  cent. 

0.  768 

Per  cent. 

0. 391 

Per  cent. 

0. 591 

$3.30 

Calves 

77.  73 

0. 497 

0.172 

0. 532 

2. 18 

Piga 

74. 13 

0.  840 

0. 390 

0.  320 

3. 29 

Cows 

75. 25 

0. 426 

0. 290 

0.  440 

2. 02 

Horses 

48.  69 

0.490 

0.  260 

0. 480 

2.  21 

Hen  manure 

56.00 

0.  80  to  2 

0.  50  to  2 

0.  80  to  . 90 

7.  07 

These  figures  probably  fairly  represent  the  actual  fertilizing  value 
of  the  carefully  preserved  manure  (both  solid  and  liquid)  of  well  fed 
and  cared  for  animals.  In  all  cases  the  manure  was  protected  from 
leaching  and  in  some  cases  treated  with  a small  amount  of  gypsum  as 
a preservative.  “ It  will  be  noticed  that  the  average  amount  of  nitro- 
gen recovered  in  all  the  manure  is  considerably  more  than  that  of  the 
potash  and  about  twice  the  amount  of  phosphoric  acid.’^ 

In  general  practice  the  manure  from  the  different  kinds  of  animals 
is  frequently  collected  in  a common  heap  until  needed.  While  it  is 
difficult  to  state  an  average,  mixed  barnyard  manure  properly  cared 
for  may  be  safely  assumed  to  vary  in  composition  within  the  following 


limits : 

Per  cent. 

Nitrogen  varies  from  0. 4 to  0. 75 

Phosphoric  acid  varies  from 0. 2 to  0. 40 

Potash  varies  from 0. 4 to  0. 75 

Water  varies  from 70  to  80 


COMPARATIVE  VALUE  OF  SOLID  AND  LIQUID  PARTS. 

It  is  a fact  often  lost  sight  of  in  practice  that  the  urine  of  animals  is 
by  far  the  most  valuable  part  of  the  excreta.  The  solid  excreta  con- 
tains, principally,  the  fertilizing  constituents  of  the  food  which  have 
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failed  to  be  digested  or  absorbed  into  the  animal  system  and  are,  there- 
fore, chiefly  in  insoluble  forms.  The  urine,  on  the  other  hand,  contains 
those  fertilizing  constituents  which  have  been  digested  and  are  largely 
soluble.  The  composition  of  the  urine,  like  that  of  the  solid  excreta, 
varies  with  the  kind  and  age  of  the  animal,  but  especially  with  the 
nature  of  food,  water  drunk,  etc.,  as  will  be  explained  later.  The  com- 
position of  the  urine  of.  diflerent  kinds  of  farm  animals  has  been  found 
by  analysis  to  be  as  follows : 

Chemical  composition  of  the  urine  of  different  animals. 


Water. 

Nitrogen. 

Phosphoric 

acid. 

Alkalies. 

Sheep  

Per  cent. 

86.5 

97.5 

89.0 

92.0 

Per  cent. 
1.4 
0.3 
1.2 
0.8 

Per  cent. 

0. 050 
0. 125 

Per  cent. 

2.0 
0.2 
1.  5 
1.4 

Swine 

Horses 

Oows 

The  urine  of  farm  animals  may  be  said  to  be  free  from  phosphoric 
acid  except  in  case  of  sheep  and  swine,  where  it  occurs  in  minute  traces, 
but  is  rich  in  nitrogen  and  the  alkalies  (including  potash  and  soda); 
consequently  it  is  an  incomplete  manure  and  should  be  supplemented 
by  phosphates  if  used  alone.  It  is  best,  however,  to  apply  it  along  with 
the  solid  excrement,  which  contains  a considerable  amount  of  phos- 
phoric acid.  This  latter  fact  helps  to  explain  why  leachings  from 
rotted  manure  are  more  valuable  as  a fertilizer  than  urine  alone.  The 
leachings  contain  in  addition  to  the  constituents  of  the  urine  the  solu- 
ble constituents  of  the  solid  manure,  among  which  is  a considerable 
amount  of  phosphoric  acid. 

The  comparative  value  of  the  solid  and  liquid  excrement  is  shown  in 
the  following  table  : 


Composition  of  solid  and  liquid  excrement  of  farm  animals. 


Water. 

Nitrogen. 

Phosphoric  acid. 

Alkalies  (potash 
and  soda). 

Solid. 

Liquid. 

Solid. 

Liquid. 

Solid. 

Liquid. 

Solid. 

Liquid. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Horses 

76 

89.0 

0. 50 

1. 20 

0. 35 

Trace. 

0. 30 

1.5 

Cows 

84 

92.0 

0.  30 

0. 80 

0. 25 

Trace. 

0. 10 

1.4 

Swine  

80 

97.5 

0.60 

0. 30 

0. 45 

0. 125 

0. 50 

0.2 

Sheep  

58 

86.5 

0.75 

1.40 

0.60 

0.050 

0. 30 

2.0 

The  urine  is  seen  to  be  much  richer  than  the  solid  dung  in  every  case 
except  that  of  pigs,  in  which  the  high  percentage  of  water  (97.5)  causes 
the  percentages  of  the  other  constituents  to  fall  below  those  of  the 
same  constituents  in  the  solid  dung. 

The  fact  that  the  urine  of  all  farm  animals  (including  pigs)  is  much 
richer  than  the  solid  excrement  is  strikingly  brought  out  in  the  follow- 
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ing  table,  which  shows  the  composition  of  the  dung  and  urine  after  the 
water  has  been  completely  removed : 


Composition  of  dry  matter  of  solid  and  liquid  manure. 


Nitrogen. 

Phosphoric  acid. 

Alkalies  (potash 
and  soda). 

Solid. 

Liquid. 

Solid. 

Liquid. 

Solid. 

Liquid. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Horses 

2. 08 

10.9 

1.45 

Trace. 

1.25 

13.6 

Cows 

1. 87 

10.0 

1.  56 

Trace. 

0.62 

17.5 

Swine 

3.  00 

12.0 

2.  25 

5. 00 

2.  50 

8.0 

Sheep 

1.78 

10.4 

1.42 

0. 37 

0.  71 

14.9 

The  distribution  of  the  manurial  constituents  in  the  urine  and  dung 
depends  largely  on  the  nature  of  the  food.  On  this  point  Warington 
says: 

If  the  food  is  nitrogenous  and  easily  digested  the  nitrogen  in  the  urine  will 
greatly  preponderate ; if,  on  the  other  hand,  the  food  is  imperfectly  digested  the 
nitrogen  in  the  solid  excrement  may  form  the  larger  quantity.  When  poor  hay  is 
given  to  horses  the  nitrogen  in  the  solid  excrement  will  exceed  that  contained  in  the 
urine.  On  the  other  hand  corn,  [oil]  cake,  and  roots  yield  a large  excess  of  nitro- 
gen in  the  urine. 

Generally  one  half  and  frequently  much  more  of  the  total  nitrogen 
excreted  will  be  found  in  the  urine,  a large  portion  of  the  potash,  but 
little  or  no  phosphoric  acid  or  lime.  In  experiments  with  sheep  at  the 
Maine  Experiment  Station  it  was  found  that  the  urine  contained  nearly 
half  the  potash  of  the  total  excreta  and  from  half  to  three  fourths  of  the 
nitrogen,  but  no  phosphoric  acid,  the  latter  being  wholly  in  the  solid 
excrement.” 

The  important  points  in  this  connection  may  be  summarized  as 
follows : 

(1)  Of  the  nitrogen,  phosphoric  acid,  and  potash  supplied  in  the 
food,  comparatively  small  amounts  are  assimilated  and  retained  in  the 
animal  body,  the  relation  between  the  amounts  of  these  substances 
excreted  in  the  urine  and  the  solid  excrement  depending  largely  upon 
the  nature  of  the  food. 

(2)  The  urine  is  much  richer  in  nitrogen  than  the  solid  dung.  It  also 
contains  considerable  amounts  of  potash  but  is  poor  in  phosphoric  acid, 
which  remains  almost  entirely  in  the  solid  excrement.  The  best  results 
may  therefore  be  expected  from  applying  the  mixed  solid  and  liquid 
excrement. 

The  figures  given  in  the  preceding  pages  have  only  approximate  and 
comparative  value.  They  do  not  admit  of  too  strict  an  application  in 
practice,  because  barnyard  manure,  as  can  be  readily  understood,  is  a 
very  variable  substance.  Its  composition  and  value  depend  on  a variety 
of  conditions,  the  more  important  of  which  are  (1)  age  and  kind  of 
animal,  (2)  quantity  and  quality  of  food,  (3)  proportion  and  nature 
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of  litter,  and  (4)  method  of  management  of  the  manure  and  the  length 
of  time  it  is  stored.  Each  of  these  factors  will  be  discussed  in  detail. 

INFLUENCE  OF  AGE  AND  KIND  OF  ANIMAL. 

The  proportions  of  the  potash,  phosphoric  acid,  and  nitrogen  of  the 
food  recovered  in  the  manure  vary  considerably  with  the  age  and  kind 
of  animal.  Full-grown  animals,  neither  gaining  nor  losing  weight, 
excrete  practically  all  of  the  fertilizing  constituents  consumed  in  the 
food.  Growing  animals  and  milch  cows  excrete  from  50  to  75  per  cent 
of  the  fertilizing  constituents  of  the  food;  fattening  or  working  animals 
from  90  to  95  per  cent. 

The  variations  in  the  composition  of  the  manure  of  different  classes 
of  animals  will  be  seen  from  the  preceding  tables.  From  these  it 
appears  that  classified  according  to  strength  of  equal  weights  of  the 
normal  manure  produced  the  common  farm  animals  stand  in  the  follow- 
ing order:  Poultry,  sheep,  pigs,  horses,  cows.  This  difference  in  value, 
however,  may  be  largely  due  to  differences  in  the  food  commonly  fed 
to  the  different  classes  of  stock,  as  will  be  explained  later. 

Sheep  manure  contains  a small  amount  of  water  and  is,  weight  for 
weight,  the  richest  manure  produced  by  any  of  the  common  farm  ani- 
mals. It  is  what  is  called  a hot  manure,  fermenting  rapidly  with  the 
development  of  heat.  Like  horse  manure  it  is  especially  liable  to  lose 
ammonia. 

Horse  manure  is  very  dry  and  is  therefore  difficult  to  thoroughly  mix 
with  litter.  It  is  a hot  manure,  undergoing  fermentation  rapidly  and 
generating  a high  heat  on  account  of  its  loose  texture.  It  is  likely  to 
lose  ammonia  even  more  rapidly  than  sheep  manure,  and  requires  care- 
ful management — in  use  of  litter,  preservatives,  etc. — from  the  moment 
it' is  voided.  The  composition  of  horse  manure  is  more  uniform  than 
that  of  any  other  farm  animal,  chiefly  because  the  food  of  horses  is 
more  uniform.  The  urine  is  especially  rich. 

Pig  manure  is  very  variable  in  composition,  due  to  the  variable  nature 
of  the  food  supplied  to  this  animal,  but  is  generally  rich  although  con- 
taining a high  percentage  of  water.  It  generates  little  heat  in  decom- 
posing. 

The  manure  of  neat  cattle^  like  that  of  pigs,  and  for  the  same  reason, 
is  variable  in  character,  but  is  generally  poorer  than  that  of  other 
farm  animals  on  account  of  its  large  percentage  of  water.  It  decom- 
poses slowly  and  develops  little  heat. 

Poultry  manure  is  very  rich  in  all  the  fertilizing  elements,  but 
especially  so  in  nitrogen,  due  to  the  fact  that  the  urinary  secretions, 
which  contain  large  amounts  of  nitrogen  as  well  as  potash  in  readily 
available  form,  are  voided  with  the  solid  excrement.  It  quickly  loses 
nitrogen,  however,  by  fermentation  if  not  properly  mixed  with  absorb- 
ents or  preservatives. 
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Warington  states  that  for  an  equal  amount  of  live  weight  the  sheep 
produces  on  the  same  weight  of  dry  food  very  much  more  manure  than 
the  pig,  while  the  ox  produces  even  more  than  the  sheep. 

It  must  be  borne  in  mind,  therefore,  in  estimating  the  manurial  value 
of  the  dung  of  different  animals  that  the  quantity  of  dung  voided  by 
one  animal  is  much  greater  than  that  voided  by  another.  The  amount 
voided  by  the  cow,  for  example,  is  much  greater  than  that  voided  by 
the  horse,  so  that  the  inferior  value  of  the  former  is  to  some  extent 
compensated  for  by  its  greater  quantity. 


INFLUENCE  OF  QUALITY  AND  QUANTITY  OF  FOOD. 

In  a given  class  of  animals  the  value  of  the  manure  is  determined 
more  by  the  nature  of  the  food  than  by  any  other  factor.  The  quan- 
tities of  nitrogen,  phosphoric  acid,  and  potash  in  manure  stand  in 
direct  relation  to  the  quantities  of  the  same  ingredients  in  the  food. 
The  crop-producing  power  of  the  manure  will  be  largely  determined  by 
the  nature  of  the  food  supplied  to  the  animals  producing  it.  The  fol- 
lowing table,  adapted  from  a bulletin  of  the  New  York  Cornell  Station, 
shows  the  wide  variation  in  manurial  value  of  some  of  the  more  com- 
mon feeding  stuffs.  (See  also  table  p.  4.) 

Fertilizing  value  of  feeding  stuffs. 


Value  of 
nitrogen  in 
1 ton. 

Value  of 
phosphoric 
acid  in  1 
ton. 

Value  of 
potash  in 
1 ton. 

Total 
fertilizing 
value  per 
ton. 

Corn  meal 

$4.53 

$0.  83 

$0.31 

$5. 66 

Corn  silage 

0.  78 

0. 14 

0. 32 

1.24 

Crimson  clover  (green) 

1.29 

0.16 

0. 44 

1.89 

Crimson  clover  hay 

6. 63 

0.  82 

2.  26 

9.71 

Red  clover  hay 

5.  70 

0.  54 

1.31 

7.  55 

Gluten  meal 

15.  09 

0. 39 

0.  05 

15. 53 

Cotton-seed  meal 

20.  85 

3.66 

1.65 

26. 16 

Linseed  meal 

16. 08 

2. 28 

0.  99 

19.  36 

Meat  scrap 

29.01 

6.01 

0.  67 

35.  69 

Wheat 

7.  08 

0.  96 

0.  45 

8.  49 

Oats 

5. 36 

0.  90 

0.  45 

6.  70 

Skim  milk 

1.74 

0.  26 

1.08 

2.11 

Timothy  hay 

3.  00 

0.  43 

1.17 

4.  60 

Wheat  bran 

7.  56 

3. 40 

1.  34 

12.30 

Wheat  straw 

0.81 

0.  30 

1.02 

2. 18 

Turnips 

0.48 

0. 14 

0.  34 

0.  96 

As  already  explained,  from  50  to  95  per  cent  of  the  fertilizing  con- 
stituents of  food  is  recovered  in  the  manure,  depending  upon  the  kind 
of  animal  fed  (see  p.  10). 

In  order  to  find  from  this  table  the  amount  of  nitrogen,  phosphoric 
acid,  and  potash  which  may  be  expected  in  manure,  it  is  necessary 
simply  to  subtract  from  the  amount  of  these  constituents  contained  in  the 
food  the  amount  retained  in  the  animal  body.  It  can  be  readily  seen 
that  as  regards  the  value  of  the  manure  produced  the  concentrated  feed- 
ing stuffs,  such  as  meat  scrap,  cotton  seed  meal,  linseed  meal,  and  wheat 
bran  stand  first ; the  leguminous  plants,  such  as  red  and  crimson  clover, 
etc.,  second;  the  cereals  (wheat,  oats,  corn,  etc.),  third,  and  root  crops 
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last.  Thus  with  full-grown  animals  neither  gaining  nor  losing  weight 
practically  all  of  the  fertilizing  constituents  of  the  food  are  obtained  in 
the  manure  and  each  ton  of  wheat  bran,  for  example,  fed  would  yield 
manure  having  a fertilizing  value  of  $12.30,  each  ton  of  clover  hay 
$7.50,  each  ton  of  oats  $6.70,  and  each  ton  of  turnips  96  cents.  With 
growing  animals,  milch  cows,  etc.,  only  about  75  per  cent  of  these 
amounts,  or  $9.20,  $5.60,  $5,  and  72  cents,  respectively,  would  be 
obtained  in  the  manure.  Finally,  with  working  and  fattening  animals, 
which  excrete  about  90  per  cent  of  the  fertilizing  constituents  of  their 
food,  the  corresponding  amounts  would  be  $11,  $6.75,  $6,  and  86  cents, 
respectively. 

As  the  table  shows,  the  amount  of  nitrogen  present  in  foods  is  the 
most  important  element  in  determining  the  value  of  the  manure,  since 
it  is  the  most  costly  fertilizing  constituent  and  is  present  in  much 
larger  proportion,  as  a rule,  than  phosphoric  acid  and  potash.  The 
inorganic  substances  of  foods  (potash,  phosphoric  acid,  lime,  etc.)  pass 
very  largely  into  the  manure  j consequently  the  manure  is  proportion- 
ately richer  in  these  constituents  than  the  food.  The  case  is  somewhat 
different  with  the  nitrogenous  substances,  which  are  partly  used  in  the 
production  of  meat,  tendon,  wool,  milk,  etc.,  thus  leaving  the  manure  in 
many  cases  poorer  in  nitrogen  than  the  food  consumed.  Those,  how- 
ever, which  are  not  so  used  undergo  modifications  in  the  process  of 
digestion  which  render  their  nitrogen  more  available  to  plants. 

As  the  New  York  Cornell  Station  has  shown,  increasing  the  amount 
of  nitrogenous  matter  in  the  food  increases  the  secretion  of  urine,  thus 
necessitating  the  use  of  more  litter  and  by  this  means  increasing  the 
bulk  of  the  manure  produced.  The  use  of  nitrogenous  foods  thus  brings 
about  the  same  result  as  the  use  of  watery  foods. 

INFLUENCE  OF  THE  NATURE  AND  PROPORTION  OF  LITTER. 

Litter  is  used  to  furnish  a clean  and  healthful  bed  for  animals,  to 
absorb  and  retain  liquid  excrement,  to  extend  manure  and  render  it 
easier  to  handle,  to  increase  the  physical  and  in  some  cases  the  chem- 
ical action  of  manure,  and  to  check  and  control  decomposition.  The 
materials  generally  used  are  not,  as  a rule,  rich  in  fertilizing  constitu- 
ents, as  the  following  table  of  composition  given  by  Warington  will 
show: 


Fertilizing  constituenia  in  one  ton  of  litter. 


Nitrogen. 

Phosphoric 

acid. 

Potash. 

"Oftafl  Ifln vfta 

Pounds. 

16 

8 to  12 
16 

4 to  14 
10  to  20 
20  to  40 

Pounds. 

6 

4 to  6 
Trace. 

6 

Pounds. 

6 

12  to  32 
Trace. 
14 

Straw 

Peat  mosb 

Sawdust 

Spftnt  tn.Ti  . 

Peat - 

13 


The  use  of  litter  therefore  tends  to  dilute  manure  rather  than  improve 
its  chemical  composition,  but  it  absorbs  and  holds  the  valuable  liquid 
parts  and  reduces  the  loss  of  ammonia. 

MANAGEMENT  OF  MANURE. 

We  have  seen  that  barnyard  manure  is  a material  which  rapidly 
undergoes  change.  Where  it  is  practical  to  haul  the  manure  from  the 
stalls  and  pen  and  spread  it  on  the  field  at  frequent  intervals  the  losses 
of  valuable  constituents  need  not  be  very  great,  but  when  (as  in  winter) 
the  manure  must  be  stored  for  some  time  the  difiiculties  of  preservation 
become  greatly  increased. 

Under  these  conditions,  deterioration  of  manure  results  from  two 
chief  causes,  (1)  Fermentation,  whereby  a certain  amount  of  the  nitro- 
gen is  lost,  and  (2)  weathering  or  leaching,  which  involves  a loss  of 
the  soluble  fertilizing  constituents,  including  potash  and  phosphoric 
acid  as  well  as  nitrogen. 

FERMENTATION  OF  MANURE. 

The  fermentation  of  manure  is  due  to  the  action  of  minute  microscopic 
organisms  which  belong  to  two  great  classes,  (1)  those  which  require 
an  abundant  supply  of  air  (oxygen)  and  which  die  when  deprived  of 
oxygen — known  as  aerobic  ferments;  and  (2)  those  which  grow  without 
oxygen  and  die  when  exposed  to  it — known  as  anaerobic  ferments. 

The  decomposition  observed  in  the  manure  heap  is  due  as  a rule  to  the 
combined  action  of  these  two  classes  of  ferments.  On  the  outer  surface 
of  the  heap,  where  the  air  cireulates  freely,  the  first  class  (aerobic)  is 
active, while  in  the  interior  of  the  heap,  where  the  supply  of  air  is  limited, 
the  fermentation  is  due  to  the  anaerobic  ferments.  The  latter  soon  run 
their  course  and  cease  to  exist.  Their  function  seems  to  be  principally 
to  break  up  the  more  complex  substances  of  the  manure  and  i^repare 
them  for  the  further  action  of  the  aerobic  ferments  which  finally  con- 
vert them  into  simpler  compounds  such  as  water,  carbonic-acid  gas, 
and  marsh  gas. 

Where  the  manure  is  compacted  (as  in  deep  stalls  for  instance)  the 
carbonic  acid  gas  formed  by  fermentation  soon  permeates  the  mass  so 
completely  as  to  entirely  exclude  the  air,  thus  arresting  fermentation. 
In  loose  heaps  into  which  air  is  freely  admitted  fermentation  of  the 
aerobic  form  may  go  on  indefinitely. 

The  fermentations  of  manure  are  very  complex  and  vary  according 
to  circumstances.  The  principal  conditions  affecting  these  processes 
are  (1)  temperature,  (2)  supply  of  air  as  determined  by  compactness  of 
heap,  (3)  moisture,  (4)  the  composition  of  the  manure,  and  (5)  the  nature 
of  preservatives  added. 

The  higher  the  temperature  the  more  rapidly  will  manure  decay.  In 
aerobic  fermentation  of  manure  the  temperature  may  rise  to  122^  to  140o, 
or  even  158^  F.  On  the  other  hand,  in  the  interior  of  the  heap,  where 
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anaerobic  fermentation  is  in  progress,  the  temi)erature  rarely  rises 
above  95®  F.  Experiments  have  indicated  that  131o  F.  is  the  most 
favorable  temperature  for  manure  fermentations. 

As  already  explained,  the  supply  of  air  determines  whether  the 
slow-acting  anaerobic  ferment  or  the  more  vigorous  aerobic  ferment 
predominates.  The  careful  regulation  of  the  two  kinds  of  fermentation 
is  necessary  to  the  successful  rotting  of  manure.  If  the  heap  is  too 
loosely  built  the  decomposition  is  too  rapid.  The  materials  useful  for 
the  formation  of  humus  in  the  soil  are  destroyed,  and  the  nitrogen, 
especially  that  of  the  urine,  escapes  into  the  air,  largely  in  the  form 
of  ammonia.  On  the  other  hand,  if  the  manure  is  too  firmly  packed 
the  decomposition  may  be  too  slow  and  the  manure  will  not  become 
sufficiently  disintegrated  to  produce  the  best  effect  in  the  soil. 

A powerful  means  of  controlling  fermentation  is  the  supply  of  mois- 
ture. The  addition  of  water  lowers  the  temperature  and  thus  retards 
fermentation.  By  filling  up  the  pores  of  the  mass  and  excluding 
the  air  it  checks  aerobic  fermentation  when  this  becomes  too  active. 
French  authorities  maintain  that  the  principal  precautions  necessary  to 
prevent  losses  of  ammonia  consist  simply  in  regularly  and  properly 
watering  the  manure  with  the  leachings.  In  case  of  drought,  if  the 
leachings  are  insufficient,  the  lack  should  be  made  up  with  water. 


The  need  of  keeping  manure  moist  is  especially  marked  in  case  of 
horse  manure,  which  is  naturally  dry  and  decomposes  with  great 
rapidity.  The  same  is  true  in  a less  degree  of  sheep  manure.  The 
common  and  harmful  fire-fanging”  is  the  result  of  an  insufficient 
supply  of  water  and  may  be  readily  checked  by  sprinkling.  The 
sprinkling,  however,  should  be  regularly  dono  and  the  heap  kept  in  a 
constant  state  of  moisture,  otherwise  the  alternate  wetting  and  drying 
will  result  in  a loss  of  ammonia.  Preservation  of  manure  in  this  manner 
is  generally  practiced  in  Europe  and  the  product  obtained  is  highly 
esteemed  as  a fertilizer.  It  is  ‘^very  dark  colored,  or  even  black,  and 
acquires  a highly  offensive  odor,  while  the  straw  in  it  loses  its  consist- 
ency and  becomes  soft  and  incoherent.”  This  black  substance  is  held 
by  certain  French  agriculturists  to  possess  special  value  as  a plant 
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food.  A metliod  emjdoyed  in  the  preparation  of  this  well-rotted 
manure  in  France  is  as  follows:  The  manure  is  placed  on  slightly 
inclined  plats  of  packed  earth  or  cement,  so  arranged  that  the  leach- 
ings  drain  out  into  a pit  from  which  they  are  pumped  up  and  distributed 
over  the  manure  heap.  It  is  usual  to  provide  two  manure  plats  so 
arranged  that  when  one  is  full  (when  the  manure  is  8 to  10  feet  high) 
it  may  Ve  allowed  to  ferment  undisturbed  while  the  other  is  used.  The 
manure  is  carried  from  the  stables  to  the  top  of  the  manure  heap  in  wheel- 
barrows over  an  inclined  plane  of  boards.  Care  is  also  taken  to  smooth 
down  the  sides  of  the  heap  to  prevent  the  too  free  access  of  air  and  the 
loss  of  teachings.  The  system  here  described  is  illustrated  in  fig.  2. 

It  has  been  questioned  whether  the  construction  of  expensive  cisterns 
for  collecting  the  manure  leachings  repays  the  cost,  but  it  is  obviously 
desirable  from  what  has  been  said  regarding  the  value  of  the  liquid 
manure  and  the  desirability  of  promoting  regular  and  uniform  fermen- 
tation of  the  manure,  that  the  leachings  should  be  saved  and  added  to 
the  manure  heap  by  some  means.  Stored  separately,  the  liquid  part 
rapidly  deteriorates  and  the  solid  part,  from  lack  of  moisture,  is  liable 
to  undergo  fire-fanging,’’  or  harmful  fermentation. 

The  nature  and  extent  of  fermentation  in  manure  also  depends  to 
some  extent  on  the  composition  of  the  manure,  more  particularly  upon 
the  amount  of  nitrogen  in  a soluble  form  which  it  contains.  The  greater 
the  amount  of  soluble  nitrogen  the  more  rapid  the  fermentation.  Urine, 
as  we  have  already  seen,  is  rich  in  soluble  nitrogenous  compounds,  and 
this  explains  why  it  decomposes  so  rapidly. 

By  fermentation  manure  decreases  rapidly  in  bulk.  The  substances 
of  which  it  is  composed  are  converted  largely  into  water  and  gases, 
principally  carbonic  acid  gas,  and  where  fermentation  is  not  properly 
controlled,  nitrogen  may  escape  either  in  the  free  gaseous  state  or  as 
ammonia.  The  coarse  materials  of  the  manure  are  gradually  decom- 
posed and  are  dissolved  to  a considerable  extent  in  the  black  liquid 
which  oozes  out  of  the  manure  heap.  The  mineral  matter  (the  phos- 
phates, potash,  etc.)  is  also  rendered  more  soluble.  When  properly 
controlled,  therefore,  fermentation  is  a valuable  means  of  increasing 
the  availability  of  the  fertilizing  constituents  of  manure,  although  it 
decreases  the  bulkj  but  when  not  properly  controlled  it  seriously 
reduces  the  value  of  the  manure. 

LEACHING  OF  MANURE. 

Leaching  is  the  second  cause  of  deterioration  of  manure.  When 
manure  is  exposed  to  the  action  of  the  elements  and  the  leachings 
allowed  to  drain  away  it  rapidly  decreases  in  value.  Both  the  organic 
and  the  mineral  constituents  originally  present  or  which  have  been 
made  soluble  by  fermentation  are  carried  oif  and  lost.  Experiments  at 
the  New  Y'ork  Cornell  Experiment  Station  indicated  “that  horse 
manure  thrown  in  a loose  pile  and  subjected  to  the  action  of  the  elements 


16 


will  lose  nearly  one  half  of  its  valuable  fertilizing  constituents  in  the 
course  of  six  mouths ; and  that  mixed  horse  and  cow  manure  in  a com- 
pact mass  and  so  placed  that  all  water  falling  upon  it  quickly  runs 
through  and  off  is  subjected  to  a considerable^  though  not  so  great,  a 
loss.^^ 

The  Kansas  Station  concludes  from  similar  observations  ‘Hhat  farm- 
yard manure  must  be  hauled  to  the  field  in  spring,  otherwise  the  loss 
of  manure  is  sure  to  be  very  great,  the  waste  in  six  months  amounting 
to  fully  one  half  of  the  gross  manure  and  nearly  40  per  cent  of  the 
nitrogen  that  it  contained.” 

The  following  experiments  made  by  Dr.  Voelcker  in  England  show 
very  strikingly  the  loss  in  weight  and  of  nitrogen  in  manure  stored 
under  different  conditions.  Mixed  manure  containing  66.2  per  cent  of 
moisture  was  divided  into  three  1 ,000  i:>ound  lots.  Lot  1 was  placed  in 
a heap  in  the  open  air,  lot  2 in  a heap  under  a shed,  and  lot  3 was 
exposed  in  the  open  air  in  a thin  layer.  The  weights  of  the  manure  and 
the  amounts  of  nitrogen  it  contained  at  the  end  of  different  periods 
were  as  follows : 


Losses  of  manure  under  different  methods  of  storing. 


In  heaps  under  a 
shed. 

Exposed  to  air  in 
heaps. 

Exposed  to  the  air 
in  thin  layers. 

Weight. 

Nitro- 

gen. 

Weight. 

Nitro- 

gen. 

Weight. 

Nitro- 

gen. 

Manure  at  the  beginning  of  experiment. 

Manure  after  6 months 

Manure  after  9 months 

Manure  after  12  months 

Pounds. 

1,000 

495 

398 

379 

Pounds. 
6. 43 
5. 91 
5.02 
5.  77 

Pounds. 

1,000 

714 

703 

700 

Pounds. 
6. 43 
6. 39 
4. 19 
4.  55 

Pounds. 
1, 000 
865 
612 
575 

Pounds. 

6. 43 
4.66 
2.47 
2.27 

Moisture  at  end  of  12  months  (per  cent) . 

41.6 

74.3 

65.6 

The  manure  stored  in  a heap  under  cover  lost  14  per  cent  of  its 
nitrogen  in  twelvemonths;  exposed  in  a heap,  30  per  cent;  and  exposed 
in  thin  layers,  64  per  cent. 

Field  experiments  by  Kinnaird  with  manure  kept  in  an  open  court 
and  under  cover  resulted  in  an  increase  of  about  4 tons  of  potatoes  and 
10  bushels  of  wheat  per  acre  in  favor  of  the  covered  manure.  The 
comparative  value  of  leached  and  unleached  manure  has  been  carefully 
tested  at  the  Ohio  Station  on  corn  and  wheat  and  mixtures  of  clover 
and  timothy.  The  experiments  show  a wide  difference  in  value  between 
the  leached  and  unleached  manure  and  indicate  that  the  margin  cf 
profit  from  open-yard  manure  is  extremely  small. 

PRESERVATION  OF  MANURE. 

Having  now  briefly  discussed  the  nature  and  extent  of  the  changes 
which  manure  is  likely  to  undergo  when  stored  in  heaps,  let  us  inquire 
into  the  best  means  of  preventing  loss  of  fertilizing  value  during  these 
changes.  It  is  a well-known  fact  that  certain  of  the  organisms  which 
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cause  decomposition  of  manure  are  voided  with  the  dung  and  commence 
their  activity  at  once.  In  case  of  horses  and  sheep  these  organisms 
cause  a considerable  loss  of  ammonia  in  a comparatively  short  time.  It 
is  necessary  therefore  to  adopt  prompt  measures  in  order  to  reduce  loss 
from  this  source  to  a minimum.  The  means  which  are  available  for 
this  purpose  are  the  use  of  absorbents  and  preservatives,  such  as  straw, 
peat,  sawdust,  dirt,  gypsum  (land  plaster),  kainit,  etc.  The  litter  takes 
up  the  liquid  manure,  thus  i^reserving  it  to  some  extent  from  decompo- 
sition and  also  absorbs  to  a-  considerable  extent  the  ammonia  produced 
by  fermentation  and  prevents  its  escape  into  the  air. 

The  relative  absorptive  power  of  various  materials  commonly  used 
as  absorbents  in  stables  is  shown  in  the  following  table: 


Absorptive  power  of  different  hinds  of  litter. 


Water  retain- 
ed by  100  lbs. 
of  material 
after  24  hours. 

Ammonia  ab- 
sorbed by  100 
lbs.  of  dry 
matter  in  dif- 
ferent ma- 
terials. 

fitrn.w 

Pounds. 

220 

162 

Pounds. 

0. 170 

Partially  decomposed  oak  leaves 

Peat 

600 

1. 103 

Sawdust 

435 

0.  046 

Spent  tan 

450 

Air-dried  humus  soil 

50 

0. 660 

Pp, at  moss 

1,  300 

0.  863 

i 

It  thus  appears  from  the  table  that  peat  and  peat  moss  are  the  best 
absorbents.  It  has  already  been  shown  (p.  12)  that  they  also  furnish 
the  largest  amounts  of  fertilizing  constituents.  Peaty  soil  is  also  an 
effective  absorbent,  and  the  use  of  a mixture  of  peaty  earth  with  straw 
as  litter  has  been  strongly  recommended.  An  addition  of  from  35  to 
40  pounds  of  loam  per  head  daily  has  been  found  advantageous,  and 
where  straw  is  scarce  it  has  been  replaced  to  the  extent  of  one  fourth 
or  one  third  by  earth.  The  amount  of  litter  required  for  any  given 
animal  depends  largely  upon  the  character  of  the  food.  Watery  foods 
and  those  containing  a large  amount  of  nitrogen  increase  the  secretion 
of  urine  and  so  increase  the  amount  of  litter  necessary  to  absorb  the 
liquid  and  keep  the  animal  clean.  A safe  general  rule  is  that  the 
litter  should  amount  to  at  least  one  third  of  the  dry  matter  of  the  food 
consumed.  The  following  amounts  per  day  for  different  animals  are 
recommended:  Sheep,  three  fifths  iiound  of  littery  cattle  9 pounds,  and 
horses,  jjounds. 

It  is  not  advisable  as  a rule  to  use  an  excess  of  litter  beyond  that 
required  to  keep  the  animal  clean  and  absorb  the  liquid  excrement, 
since  the  materials  available  for  bedding  are  as  a rule  poor  in  fertilizing 
constituents,  and  so  extend  and  dilute  the  manure  unnecessarily. 

A small  amount  of  gypsum  (land  plaster)  sprinkled  on  the  moist 
dung  or  urine  is  a popular  and  effective  means  of  fixing  the  ammonia. 

6355— Ko.  21 2 
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It  should  he  remembered,  however,  that  unless  the  gypsum  becomes 
moist  it  will  have  little  effect.  Kainit  used  in  the  same  way  tends  to 
arrest  fermentation,  but  it  must  be  used  with  caution  or  it  may  injure  the 
feet  of  the  animals  standing  on  it.  Both  kainit  and  acid  phosphate 
sprinkled  on  the  manure  before  it  is  thrown  into  the  heap  are  val- 
uable as  preservatives,  and  besides  increase  the  value  of  the  manure, 
increasing  the  proportion  of  those  constituents  (potash  and  especially 
phosphoric  acid)  in  which  it  is  somewhat  deficient.  German  investi- 
gators who  have  given  a great  deal  of  attention  to  the  subject  of  pre- 
servatives for  manure  unanimously  recommend  the  use  of  superphos- 
phate-gypsum, a by-product  of  the  manufacture  of  superphosphates; 
but  as  this  product  is  not  found  in  the  American  market  its  place  may 
be  taken  by  the  ordinary  acid  phosphate  or  superphosphate  of  the  trade 
used  in  connection  with  a small  amount  of  gypsum. 

A German  authority  recommends  the  use  of  approximately  the  fol- 
lowing amounts  of  the  different  preservatives  per  day: 


Amounts  of  different  preservatives  to  he  used  per  head  daily. 


Per  horse, 
1,000 
pounds 
weight. 

Per  cow, 
880  pounds 
weight. 

Per  pig, 
220 

pounds 

weight. 

Per  sheep, 
110 

pounds 

weight. 

Superphosphate 

Lbs.  Ozs. 

1 0 

1 9 

1 2 

Lbs.  Ozs. 

1 2 

1 12 

1 5 

Ounces. 

3 

4i 

4 

Ounces. 

3i 

Gypsum 

Kainit 

If  both  superphosphate  and  gypsum  are  used,  the  above  proportions 
of  these  materials  should  be  reduced  from  one  third  to  one  half.  Kainit 
should  be  applied  to  the  fresh  manure  and  covered  with  litter  so  that 
it  does  not  come  in  contact  with  the  feet  of  the  animals.  Whether  it 
will  be  good  economy  to  use  these  materials  for  this  purpose  will  depend 
ui)on  their  market  price  in  the  locality  in  which  it  is  proposed  to  employ 
them. 

In  cases  where  different  kinds  of  animals  are  kept,  one  of  the  most 
effective  means  of  securing  moderate  and  uniform  fermentation  of  the 
manure  heap  is  to  see  that  the  moist  ‘^cold”  cow  and  pig  manure  is 
intimately  mixed  with  the  dry  hot^’  horse  and  sheep  dung.  The  former 
makes  the  heap  more  moist  and  checks  the  too  rapid  fermentation  and 
“fire  fanging”  of  the  latter. 

It  will  be  understood  from  what  has  been  said  that  in  order  to  reduce 
the  loss  to  a minimum,  manure  heaps  should  be  made  compact  and  kept 
moist.  Under  cover  the  last  result  is  secured  by  collecting  the  liquid 
manure  and  at  frequent  intervals  sprinkling  it  over  the  heap,  or  wheu 
the  supply  of  this  is  deficient,  by  sprinkling  with  water.  Where  the 
manure  heap  is  exposed  to  the  rain  in  i)its  from  which  there  is  no  drain- 
age it  probably  does  not  require  so  much  attention,  but  still  care  must 
be  taken  to  prevent  loss  by  alternate  leaching  when  heavy  rainfalls 
occur,  and  drying  out  in  time  of  drought. 
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Regarding  the  management  of  manure,  Prof.  Frear,  of  tlie  Pennsyl- 
vania Experiment  Station,  says: 

To  secure  such  kind  and  degree  of  rotting  as  shall  make  the  manure  easily  handled 
and  put  it  into  the  condition  best  suited  to  the  crops  it  is  to  fertilize,  both  extremes 
of  moistness  and  cold,  and  of  exposure  and  heat,  are  to  be  avoided. 

It  is  a much-discussed  question  whether  this  mean  condition  is  best  obtained  in 
practice  by  the  preservation  of  the  manure  in  dished  yards,  subject  to  more  or  less 
exposure  to  wind  and  sun,  to  full  exposure  to  rain,  but  to  more  loosely  leaching,  or 
under  covered  sheds  where  it  is  protected  f;  om  sun  and  rain,  and  largely  from  wind. 
In  both  cases  it  is  supposed  to  be  compacted  fully  as  the  heaps  are  forming. 

Storer  expresses  a doubt  whether  sheds  built  to  shelter  manure  have 
ever  paid  their  cost.  On  the  other  hand,  Prof.  Roberts,  of  the  Kew  York 
Cornell  Station,  recommends  the  construction  of  sheds  or  covered  yards 
for  the  protection  of  the  manure.  The  use  of  completely  covered  barn- 
yards for  protecting  manure  has  in  recent  years  met  with  much  favor  in 
certain  parts  of  the  country.  The  manure  from  the  horse  and  cattle  sta- 
bles and  the  sheep  and  calf  pens  is  spread  out  evenly  over  these  yards, 
covered  with  coarse  litter,  and  the  whole  kept  firmly  pjacked  by  allow- 
ing animals  to  run  over  it,  thus  preventing  injurious  fer- 
mentation. The  construction  of  a cheap  and  durable 
covered  yard,  illustrated  in  figs.  3,  4,  and  5,  is  thus 
described  by  Roberts : 


1 

1 

1 

Fig.  4. 

Plans  for  a cheap  covered  barnyard. 


Fig.  5. 


Long  posts  or  poles,  8 inches  in  diameter  at  the  butt,  are  set  in  the  ground  2 feet 
deep  and  6 feet  apart.  Upon  these  are  spiked  2 by  4 scantling,  about  4 feet  apart,  for 
nailing  girts,  and  a plate  2 by  6 is  nailed  on  top  of  the  posts  which  have  been  previ- 
ously sawed  off  to  a line  after  the  girts  have  been  spiked  to  them.  Eound  poles 
flattened  at  the  ends,  or  2 by  6 joists  doubled,  spiked  to  the  heads  of  the  posts,  will 
tie  the  building  together.  Ten  feet  will  be  quite  high  enough  for  the  story ; and 
one  story  will  suffice  if  no  straw  is  to  be  stored  above  except  that  which  is  placed 
there  to  exclude  the  cold.  A few  poles  or  old  rails  laid  on  these  cross-ties  which 
bind  the  building  together  will  suffice  to  sustain  the  weight  of  the  straw,  while  the 
straw  will  exclude  the  cold,  and  absorb  the  moisture  far  better  than  an  expensive 
matched  ceiling. 

On  the  inside  of  the  posts  which  have  been  set  in  the  ground  flattened  poles,  rails, 
or  slabs,  or  cheap  boards  may  be  nailed  horizontally,  and  the  space  between  the 
outside  vertical  boarding  and  the  inside  horizontal  boarding  may  be  filled  with 
straw.  This  kind  of  a wall  is  far  drier  and  more  comfortable  for  the  animals  than 
one  made  of  costly  stone  or  brick. 

If  it  is  desired  to  have  a place  to  store  straw,  the  building  should  be  higher,  the 
joists  stronger  and  more  numerous  than  in  the  one-story  building,  and  they  will 
all  have  to  be  snpported  by  a timber,  supported  by  posts  placed  under  their  centers. 
The  roofs  should  be  steep,  and  can  be  made  of  any  material  which  will  shed  water. 
When  the  posts  which  have  been  set  in  the  ground  have  rotted  off,  or  are  much 
decayed,  they  may  be  sawed  off  even  wi+h  the  trround  and  snnported  by  placing 
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niiderneath  each  one  of  them  a large  flat  stone.  Whenever  the  building  is  treated 
iu  that  way  it  will  be  necessary  to  brace  it  thoroughly.  It  might  be  well  in  a windy 
country  to  brace  so  wide  a building  at  the  start. 

Such  a building  will  be  inexpensive  and  reasonably  durable.  It  will  serve  as  a 
place  for  depositing  manure  when  needed;  it  will  shelter  the  animals  while  they 
are  being  watered  and  the  stables  are  being  cleaned  and  aired,  and  give  facilities 
for  preventing  loss  of  valuable  fertilizing  material  either  by  leaching  or  firing. 

A more  elaborate  and  expensive  style  of  covered  yard,  suggested  by 
the  American  Agriculturist,  is  shown  in  fig.  6,  wnich  is  worth  consid- 
ering when  the  construction  of  a barn  is  contemplated. 


This  provides  not  only  for  the  required  protection  of  both  animals  and  manure, 
but  affords  also  an  excellent  grain  chamber  where  grain  can  be  stored  for  con- 
venient use.  Under  the  side  roofs  is  also  afforded  a chance  for  the  storing  of  small 
tools  and  a great  variety  of  articles  that  are  continually  in  the  way  when  stored 
about  the  farm  buildings.  It  also  provides  splendid  protection  to  animals  when 
housed  at  night  during  the  summer,  this  roof  protecting  them  from  heavy  showers 
in  the  night  and  affording  an  excellent  opportunity  for  exercise  in  the  winter,  as 
all  the  sides,  except  that  toward  the  south,  can  be  protected  against  cold  winds  by 

Many  stables  are  so  situated  that 
by  adding  a cheap  leanto,  as  shown  in 
fig.  7,  “a  receptacle  for  caring  for  the 
manure  is  easily  provided.  The  outside 
boarding  of  the  leanto  should  be,  for  a 
part  of  the  way  at  least,  put  on  hori- 
zontally and  hung  in  the  form  of  flat 
doors,  so  that  the  manure  can  be  easily 
loaded  on  a wagon  standing  on  the  out- 
side of  the  building.” 

The  unsatisfactory  results  attending 
the  use  of  manure  sheds  and  covered 
yards  have  probably  been  due  to  the  fact  that  these  structures  have 
generally  been  loosely  constructed,  allowing  the  free  circulation  of 
air  which  has  dried  out  the  manure.  We  have  already  seen  the  losses 
caused  by  dry  fermentation.  On  this  account  barn  cellars,  so  common 
in  New  England,  possess  decided  advantages  as  receptacles  for  manure. 


being  temporarily  boarded  up. 


Fig.  7.— a cheap  shelter  for  manure. 
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Tbe  common  practice  of  allowing  swine  to  ^^work  over’^  the  manure  in 
these  cellars  is  a wise  one,  since  it  mixes  the  manure  and  keeps  it  well 
packed  and  moist.  In  fact,  if  these  cellars  are  provided  with  impervi- 
ous bottoms  to  hold  the  liquid  manure,  this  system  of  storing  manure 
is  probably  the  most  perfect  practiced. 

In  the  method  practiced  in  France,  the  manure  heap  is  under  cover 
;iiid  well  compacted.  Loam,  peaty  earth,  or  similar  materials  are  added 
to  moderate  fermentation.  The  impervious  floors  on  which  the  heap 
is  placed,  as  explained  on  page  15,  are  so  arranged  that  the  leachings 
may  be  collected  and  returned  to  the  heap,  thus  keeping  it  moderately 
moist.  To  prevent  mixing  fresh  manure  with  old,  two  floors  are  pro- 
vided, so  that  the  manure  on  one  may  ferment  undisturbed  while  the 
other  is  used. 

The  method  in  which  the  manure  is  carried  regularly  from  the  stable 
and  placed  in  shallow  pits  with  impervious  bottoms,  where  it  is  closely 
packed  by  allowing  animals  to  run  over  it,  is  practiced  to  a consider- 
able extent  both  in  this  country  and  in  Europe,  and,  as  recent  experi- 
ments at  the  Pennsylvania  Station  indicate,  it  is  probably  as  safe  a 
method  as  storing  in  an  open  shed  where  no  special  precautions  are 
taken  to  keep  the  manure  moist  throughout.  The  objections  to  it  are 
that  the  manure  is  subjected  to  extremes  of  drought  and  moisture  and 
must  suffer  injury  in  consequence  unless  special  precautions  are  taken 
to  guard  against  these  extremes. 

A third  method,  which  originated  in  Europe  and  is  practiced  to  some 
extent  in  this  country,  is  that  in  which  the  soil  in  the  stable  is  removed 
to  a level  below  that  of  the  outside  and  the  bottoms  tamped  or 
cemented.  The  manure  is  allowed  to  accumulate  under  the  animals 
until  it  is  hauled  to  the  fields,  bedding  being  used  in  abundance.  The 
feeding  troughs  are  made  adjustable  so  that  they  can  be  raised  or 
lowered  as  required.  The  manure  becomes  highly  compacted  and  is 
kept  in  a favorable  condition  of  moisture,  so  that  fermentation  pro- 
ceeds slowly  and  uniformly.  At  the  same  time  the  manure  is  com- 
pletely protected  from  the  action  of  the  weather.  As  would  naturally 
be  expected  under  the  circumstances,  the  manure  obtained  is  stronger 
than  that  allowed  to  ferment  in  heaps  in  the  ordinary  way.  This 
method  is  highly  regarded  where  it  is  practiced  and  it  is  claimed  that 
the  health  of  the  animals  does  not  suffer. 

It  is  hard  to  understand,  however  [says  Storer],  how  the  hoofs  of  the  animals  can 
always  escape  the  diseases  that  are  apt  to  be  caused  by  certain  minute  organisms 
which  appear  to  harbor  in  fermenting  dung,  and  no  man  can  tell  without  trial  how 
well  the  system  would  answer  for  dairy  farms  in  this  country,  i.  e.,  in  the  warmer 
parts  of  it.  Doubtless  it  would  serve  well  enough,  however,  in  the  case  of  fatten- 
ing cattle. 

Whatever  the  system  adopted,  the  following  general  rules  should  be 
observed  in  the  storage  of  manure:  (1)  Spread  the  manure  out  uni- 
formly; (2)  guard  as  much  as  possible  against  the  access  of  air;  (3) 
keep  the  manure  always  moist,  but  not  too  wet;  (4)  protect  the  lieap 
from  sunshine. 
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USE  OF  MANURE. 

It  is  the  prevailing  opinion  of  chemists  as  well  as  practical  men  that 
where  it  is  practicable  it  is  best  to  apply  manure  and  urine  to  the  soil 
in  the  freshest  possible  condition.  The  fertilizing  constituents  of  well- 
rotted  manure,  as  already  explained,  are  more  quickly  available  to 
plants;  the  manure  itself  is  less  bulky,  easier  to  distribute,  and  alfords 
a good  breeding  place  for  organisms  which  promote  nitrification*  in 
the  soil;  and  is  less  likely  to  promote  rank  growth  than  fresh  manure. 
On  the  other  hand,  fresh  manure  mixed  with  the  soil  readily  under- 
goes a fermentation  which  not  only  increases  the  availability  of  its 
own  fertilizing  constituents,  but  also  assists  in  rendering  soluble  the 
hitherto  insoluble  fertilizing  constituents  of  the  soil.  In  fact,  even 
with  special  precautions  to  prevent  injurious  fermentation  under  the 
feet  of  the  animals  and  in  the  heap,  the  greatest  return  is  likely  to  be 
gotten  from  manure  applied  in  the  fresh  condition. 

The  form  in  which  manure  should  be  applied  (whether  fresh  or 
rotted)  is  determined  largely  by  the  soil  on  which  it  is  to  be  used.  If 
improvement  of  the  mechanical  condition  is  the  main  object  sought, 
the  best  results  will  be  obtained  by  applying  the  fresh  manure  to  the 
heavy  clay  soils,  and  the  well-rotted  manure  to  the  light  soils.  If,  how- 
ever, the  prompt  action  of  the  fertilizing  constituents  of  the  manure  is 
desired,  light  soils,  in  a favorable  season,  are  likely  to  utilize  coarse 
manure  to  better  advantage  than  heavy  soils.  Decomposition  takes 
place  slowly  in  heavy  soils  and  the  constituents  of  the  fresh  manure 
become  available  very  slowly.  In  light  soils,  on  the  other  hand,  unless 
the  season  is  dry,  the  conditions  are  such  that  the  manure  decomposes 
readily,  and  the  fertilizing  constituents  are  probably  rendered  available 
as  fast  as  the  plant  needs  them.  There  is  also  considerable  danger  on 
this  class  of  soils  that  some  of  the  soluble  constituents  will  be  carried 
away  in  the  drainage  if  well-rotted  manure  is  applied.  For  this  reason 
such  manure  should  be  applied  to  light  soils  shortly  before  it  is  likely 
to  be  needed  by  the  crop.  Small  applications  at  frequent  intervals  is 
safe  rule  to  follow  on  these  soils.  In  general,  it  may  be  said  that  for 
spring  application  the  more  readily  available  rotted  manure  is  prefer- 
able to  the  fresh  unrotted  material. 

On  clay  soils  it  often  happens  that  manure  produces  no  effect  what- 
ever during  the  first  year  on  account  of  slowness  of  decomposition, 
but  since  the  clay  possesses  very  powerful  absorptive  properties  the 
manure  is  not  lost.  The  fertilizing  constituents  are  retained  in  the 
soil  and  are  finally  utilized  by  the  crop.  There  is  therefore  no  danger 
in  applying  to  clay  soils  large  quantities  of  manure  a long  while  in 

* Nitrification  is  the  process  by  which  the  highly  available  nitrates  are  formed 
from  the  less  active  nitrogen  of  organic  matter,  ammonia  salts,  etc.  It  is  due  to  the 
action  of  minute  microscopic  organisms  which  develop  only  in  the  presence  of  air, 
moisture,  and  a basic  substance  such  as  lime  or  an  alkaline  carbonate. 
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advance  of  the  planting  of  the  crop.  During  dry  seasons  the  manure 
may  produce  little  effect,  but  with  a sufficient  amount  of  moisture  its 
action  is  likely  to  be  considerable.  The  application  to  such  soils  of 
large  quantities  of  manure  improves  their  physical  condition,  and  by 
the  addition  of  humus  renders  more  porous  those  which  are  too  com- 
pact. 

The  behavior  of  calcareous  soils  toward  manure  is  very  variable, 
depending  upon  the  compactness  of  the  soil.  In  those  which  are  suffi- 
ciently porous  decomposition  goes  on  with  great  rapidity,  and  the  sol- 
uble fertilizing  constituents  formed  are  partially  carried  away  in  the 
drainage  water  before  they  can  be  taken  up  by  the  plants.  For  this 
reason,  as  in  case  of  light  soils,  the  manure  should  be  applied  in  small 
amounts  and  at  frequent  intervals. 

The  climate  also  may  have  an  important  bearing  on  this  subject.  In 
a warm,  damp  climate  it  is  a matter  of  comparative  indifference  whether 
the  manure  is  fresh  or  well  rotted  when  it  is  applied,  since  under  these 
conditions  decomposition  in  the  soil  will  be  sufficiently  rapid.  In  a 
dry,  hot  season,  however,  it  is  well  known  that  excessive  applications 
of  uudecomposed  manure  manifest  a tendency  to  ^^burn  out”  the  soil, 
and  this  tendency,  as  has  just  been  stated,  is  more  marked  in  light 
soils  than  in  heavy.  In  cold  climates,  where  the  season  is  short  and 
the  conditions  for  rapid  fermentation  in  the  soil  unfavorable,  the  use 
of  fermented  manure  is  preferable. 

Fresh  manure  has  a forcing  effect  and  tends  to  produce  stems  and 
leaves  at  the  expense  of  fruit  and  grain.  It  is  therefore  better  for 
grasses  and  forage  plants  than  for  cereals. 

Direct  application  of  manure,  as  is  well  known,  seriously  injures  the 
quality  of  tobacco,  sugar  beets,  and  potatoes,  although  mangel- wurzels 
appear  to  profit  by  large  applications.  For  these  reasons  it  is  advis- 
able in  the  case  of  cereals,  tobacco,  potatoes,  and  sugar  beets  to  apply 
the  manure  to  the  previous  crop,  or,  where  land  is  to  be  planted  in  the 
spring,  to  apply  in  the  fall  and  allow  to  decompose  during  the  winter. 
Sir  J.  B.  Lawes  has  pointed  out,  however,  that  wheat  on  light  soil  is 
benefited  by  direct  applications  of  manure,  and  that  it  is  only  on  heavy 
soils  that  it  is  best  to  apply  it  to  the  preceding  crop. 

Manifestly,”  as  Storer  remarks,  the  rankness  of  fresh  dung  and 
urine  could  be  controlled  and  utilized  by  applying  the  manure  in  small 
quantities  and  supplementing  it  with  artificial  fertilizers  of  kinds  appro, 
priate  to  the  crops  that  are  to  be  grown.” 

What  has  been  said  above  regarding  the  application  of  fresh  manure 
applies  especially  to  manure  containing  only  small  amounts  of  coarse 
undecomposed  litter.  It  is  not  generally  advisable  to  apply  very 
coarse  manure  before  the  litter  has  become  at  least  partially  decom- 
posed. 

It  appears,  therefore,  that  no  fixed  rules  regarding  the  condition  in 
which  manure  should  be  used  which  will  apply  to  all  cases  can  be  laid 
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down.  Tt  is  a matter  which  naturally  must  be  left  largely  to  the  indi- 
vidual judgment  of  the  farmer^  based  upon  a careful  study  of  the  char- 
acter of  the  soil  and  climate  and  the  requirements  of  the  crop  to  be 
grown. 


METHODS  OF  APPLYING  MANURE 

111  applying  manure  to  the  field  three  methods  are  pursued:  (1)  Tbe 
manure  is  iilaced  in  larger  or  smaller  heaps  over  the  field  and  allowed 
to  remain  some  time  before  being  spread;  (2)  it  is  broadcasted  and 
allowed  to  lie  on  the  surface  for  some  time,  or  plowed  in  immediately, 
and  (3)  it  is  applied  in  the  hill  or  drill  with  the  seed. 

The  first  method  is  objectionable,  because  it  increases  labor  of  hand- 
ling and  chances  of  loss  by  fermentation  and  leaching,  while  uniform 
distribution  of  the  manure  is  not  likely  to  be  secured.  The  spots  on 
which  the  heaps  stand  are  strongly  manured  with  the  leachings  of  the 
manure,  while  the  rest  of  the  field  receives  the  coarse  parts  of  the 
manure  largely  deprived  of  its  valuable  constituents.  Another  disad- 
vantage of  this  method  is  that  proper  fermentation  is  interfered  with  by 
the  leaching  out  of  the  nitrogenous  matter  and  the  drying  action  of 
the  wind.  The  practice  of  storing  manure  in  large  heaps  in  the  field 
is  subject  to  some  extent  to  the  same  objections.  If,  however,  the  heap 
is  not  allowed  to  lie  too  long  and  is  carefully  covered  with  earth  the 
loss  may  be  greatly  reduced. 

Spreading  the  manure  and  allowing  it  to  lie  on  the  surface  should  be 
practiced  only  on  level  fields  where  there  is  no  danger  from  surface 
washing.  It  has  been  claimed  that  when  manure  is  spread  broadcast 
and  allowed  to  lie  on  the  surface  there  may  be  a serious  loss  of  ammo- 
nia into  the  air,  but  experiments  have  shown  that,  in  case  of  properly 
prepared  manure,  loss  from  this  cause  must  be  very  small.  On  a leachy 
soil  there  may  be  a loss  of  soluble  constituents  in  the  drainage  if  the 
manure  is  spread  a long  while  before  the  crop  is  planted,  but  in  ordinary 
practice  the  loss  from  this  source  is  also  likely  to  be  insignificant.  In 
this  method  of  application  the  fertilizing  constituents  of  the  manure 
are  uniformly  distributed,  the  liquid  portion  being  gradually  and  thor- 
oughly incorporated  with  the  soil  particles.  One  serious  disadvantage, 
however,  of  the  method  is  that  the  manure  before  being  plowed  in  is 
leached  to  a large  extent  of  its  soluble  nitrogenous  compounds,  which, 
as  we  have  already  observed,  are  necessary  for  fermentation ; and  that 
for  this  reason  it  does  not  so  readily  ferment  in  the  soil.  It  is  highly 
advisable,  therefore,  in  the  case  of  light  or  sandy  soils,  not  to  follow 
this  practice,  but  to  plow  the  manure  in  as  soon  as  spread. 

As  to  the  depth  to  which  it  is  advisable  to  plow  the  manure  in,  the 
general  rule  should  be  observed  that  it  should  not  be  so  deep  as  to  pre- 
vent the  access  of  sufficient  moisture  and  air  to  insure  fermentation 
and  nitrification  and  to  permit  of  rapid  washing  down  of  nitrates  to 
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the  drain.  In  very  compact  soils  the  depth  should  not  exceed  4 inches. 
In  light  soils  this  depth  may  be  considerably  increased,  although  in 
such  soils  there  is  more  danger  of  loss  by  drainage  than  with  heavy 
clay  soils. 

Application  in  the  hill  or  drill  is  useful  where  the  supply  of  manure 
is  limited  and  the  full  immediate  effect  is  desired.  For  forcing  truck 
crops  this  method  is  especially  valuable.  Well-rotted  manure  is  best 
suited  to  this  method  of  application.  It  has  been  claimed,  however, 
that  manure  applied  in  this  way  sometimes  injures  the  ai)pearance  of 
root  crops,  especially  potatoes,  by  increasing  the  amount  of  scab. 

The  so-called  parking  system,  or  feeding  animals  on  the  land,  is  a 
method  of  application  which  has  many  advantages;  but  the  distribu- 
tion of  the  manure  by  this  system  is  irregular,  and  if  practiced  in 
autumn  or  winter  the  manure  is  subject  to  loss  by  drainage. 

The  application  of  liquid  manure  has  certain  obvious  advantages,  and 
is  largely  practiced,  especially  in  Europe.  Manure  leachings  is  a quick- 
acting, forcing  manure,  and  is  especially  valuable  for  grass.  The 
expenseof  cisterns  for  collecting  the  leachings  and  the  trouble  of  hauling 
and  distributing,  together  with  the  care  which  must  be  exercised  to 
prevent  loss  of  nitrogen  from  the  readily  fermentable  liquid  when  it 
stands  for  any  length  of  time,  render  it  doubtful  whether  this  method 
is  practicable  except  for  special  purposes  and  under  peculiar  conditions. 

RATE  OF  APPLICATION. 

As  to  the  rate  at  which  manure  should  be  applied  no  fixed  rules  can 
be  given.  The  rate  will  depend  upon  the  character  of  the  soil,  the  qual- 
ity of  the  manure,  the  nature  of  the  crop,  and  the  frequency  of  appli- 
cation. Cold  moist  soils  should  be  manured  lightly  and  often.  Thaer, 
a German  writer,  states  17  to  18  tons  per  acre  to  be  an  abundant  appli- 
catioUj  14  tons  good,  and  8 to  9 light;  ether  German  writers  consider 
7 to  10  tons  light,  12  to  18  tons  usual,  20  tons  or  more  heavy,  and  30 
tons  very  heavy.  Stephens  suggests  8 to  12  tons  for  roots  and  15  to 
20  tons  supplemented  by  commercial  fertilizers  for  potatoes.  Sir  Henry 
Gilbert  considers  14  tons  per  acre  annually  excessive  for  wheat  and 
barley.  In  New  England  the  rate  varies  from  6 to  12  tons.  Twenty 
tons  is  a frequent  application  in  New  Jersey,  as  well  as  in  other  regions 
where  truck  farming  is  practiced.  As  a general  rule  it  is  more  scien- 
tific to  apply  small  amounts  of  manure  frequently  than  to  apply  large 
amounts  at  longer  intervals. 

COMBINING  BARNYARD  MANURE  WITH  OTHER  FERTILIZING  MATE- 
RIALS. 

It  has  been  the  general  experience  that  probably  the  best  way  to 
utilize  barnyard  manure  is  in  combination  with  such  materials  as  sup- 
plement and  conserve  its  fertilizing  constituents.  It  has  already  been 
pointed  out  how  certain  substances,  such  as  kainit  and  superphosphate. 
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whicii  possess  a high  fertilizing  value,  may  also  be  used  to  advantage 
as  preservatives  on  account  of  their  ability  to  check  fermentation  or  to 
fix  ammonia.  Even  the  limited  extent  to  which  it  is  necessary  to  use 
these  materials  in  the  stable  will  improve  the  fertilizing  value  of  the 
manure,  but  it  is  necessary  to  do  more  than  this  if  a well-balanced 
fertilizer  is  desired,  for,  as  has  been  shown,  barnyard  manure  con- 
sidered simply  as  a supplier  of  nitrogen,  phosphoric  acid,  and  potash 
is  comparatively  poor.  It  has  been  shown  that  the  proportions  of  pot- 
ash and  phosphoric  acid  especially  are  low.  The  potash,  however,  is 
in  a very  available  form  and  does  not  need  to  be  reenforced  to  the 
same  extent  as  the  much  less  available  phosphoric  acid. 

Although  nitrogen  is  the  constituent  most  abundant  in  manure  it 
has  been  found  that  in  order  to  get  the  best  results  in  general  it  should 
be  reenforced  if  prompt  action  is  desired.  This  is  explained  by  the  fact 
that  a large  part  of  the  nitrogen  of  manure  is  very  slowly  available. 
Sir  Henry  Gilbert  says  on  this  point : 

The  nitrogen  of  farmyard  manure  must  obviously  exist  in  very  different  condi- 
tions. That  due  to  tbe  urine  of  animals  will  be  most  rapidly  available,  that  in  the 
finely  divided  matter  in  the  feces  will  be  much  more  slowly  available,  and  that  in 
the  litter  still  more  slowly  available.  Hence,  the  small  proportion  that  is  at  once 
eflective  and  the  very  large  amount  that  accumulates  within  the  soil  in  a very  slowly 
available  condition. 

Experiments  at  Rothamsted  indicate  that  the  nitrogen  of  barnyard 
manure  is  not  half  as  valuable,  weight  for  weight,  as  that  of  sulphate 
of  ammonia. 

What  has  been  said  about  supplementing  barnyard  manure  with 
more  concentrated  fertilizing  materials  should  not  be  taken  to  imply 
that  the  two  kinds  of  fertilizers  should  necessarily  be  composted  or 
applied  at  the  same  time.  It  may  be  desirable  to  apply  the  manure  at 
intervals  of  several  years,  while  the  concentrated  fertilizers  would  need 
to  be  applied  annually.  However  this  may  be,  the  facts  above  given 
should  be  borne  in  mind  in  applying  the  supplementary  fertilizers. 

Whether  the  farmer  can  afford  to  incur  the  necessary  labor  and 
expense  involved  in  the  preparation  of  composts  is  a question  on 
which-  there  is  considerable  difference  of  opinion.  This  is  a matter 
which  must  be  determined  largely  by  individual  needs  and  conditions, 
but  undoubtedly  the  manure  heap  may  be  utilized  to  advantage  for 
such  purposes  as  reducing  bones  and  other  waste  products  of  the  farm 
and  for  killing”  cotton  seed  before  it  is  applied  to  the  soil. 

In  preparing  composts  the  following  directions  should  be  observed ; 
Select  a level  spot  under  shelter  and  convenient  to  the  stables.  Remove 
the  earth  so  as  to  give  a gentle  slope  from  the  sides  toward  the  center. 
It  is  advisable  to  tamp  the  floor  of  this  pit  firmly  or  cover  it  with  pud- 
dled clay  to  prevent  loss  of  leachings.  It  is  also  well  to  have  a small 
drain  leading  from  the  center  to  the  side  and  emptying  into  a half  bar- 
rel sunk  in  the  earth.  By  this  means  the  valuable  leachings  may  be 
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collected  and  bailed  out  and  sprinkled  ov^r  the  heap,  tljns  assisting 
materially  in  promoting  a moderate  and  uniform  fermentation  of  the 
manure.  It  is  not  necessary,  however,  to  provide  for  this  collecting  of 
the  teachings  if  in  the  construction  of  the  heap  the  precaution  is  taken 
to  lay  down  first  a fairly  thick  layer  of  the  absorbent  materials,  such 
as  barnyard  manure,  peat,  etc.,  which  it  is  intended  to  use.  Put  down 
I'irst  a layer  of  these  materials  then  follow  with  a layer  of  acid  phos- 
phate, for  instance,  and  so  on  until  all  the  materials  are  used,  wetting 
each  layer  thoroughly  first  with  water  or  urine  if  it  is  at  hand,  and 
finally  with  kainit,  or  other  chemicals  used  dissolved  in  water.  It  is 
well  to  have  at  hand  a mixture  of  peaty  earth  and  plaster  with  which 
the  finished  heap  is  covered  to  a depth  of  about  1 inch.  The  heap 
should  be  examined  from  time  to  time  and  moistened  with  manure 
leachings,  urine,  or  water  if  there  appears  to  be  any  danger  of  over- 
heating. In  from  four  to  six  weeks  the  compost  is  ready  to  be  forked 
over,  thoroughly  mixed,  and  carried  to  the  field. 

The  following  formulas  for  composts  in  which  barnyard  manure  is 
one  constituent  have  been  recommended  and  in  many  cases  have  been 
tried  with  favorable  results. 


Formulas  for  cotton. 


No.  1.* 

No.  2. 

No.  3. 

No.  4. 

No.  5.t 

No.  6. 

Stable  manure 

Pounds. 

750 

750 

333i 

Pounds. 

750 

750 

500 

Pounds. 

400 

600 

800 

Pounds. 

300 

600 

750 

Pounds. 

300 

600 

Pounds. 
1,000 
1,  000 
1,000 

Cotton  seed 

Acid  phosphate 

Floats 

750 

350 

1,600 

Xainit 

166f 

1,600 

200 

1,600 

350 
1,  600 

Rate  per  acre  

1,600 

* Furman’s  formula. 

tFound  especially  elfective  in  experiments  on  cotton. 


Formulas  for  cotton  and  corn. 


No.7.* 

No.  8. 

No.  9. 

No.  10. 

No.  11. 

No.  12. 

Stable  manure 

Pounds. 

800 

Pounds. 

500 

Pounds. 

600 

Pounds. 

600 

Pounds. 

Pounds. 

600 

Stable  manure  with  yard  scrapings 

1,000 

Cotton  seed 

750 

400 

Cotton-seed  meal  or  fish  scrap 

700 

Acid  phosphate 

800 

‘600 

. N. 

Acid  phosphate  or  bone  meal 

800 

600 

Dissolved  bone  

450 

500 

SnlpliJi.tA  aminoTiifi'  

150 

Kainit  

200 

100 

200 

pettish  

150 

UnburnT.  Tnarl  

500 

Salt... 

200 



Ashes  . - 

200 

Rich  oa.rtb  nr  yard  sr.rapinga 

600 

Rate  pftr  ar.rft  

300-500 

.300-500 

* When  applied  to  corn  on  worn  soil  should  he  supplemented  by  75  pounds  of  muriate  of  potash  per 
acre;  when  used  on  wheat  by  50  pounds  of  sulphate  of  potash  and  by  100  pounds  of  nitrate  of  soda 
sown  broadcast  in  the  spring. 
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Formulas  for  winter  wheat,  rye,  corn,  and  cotton. 


No.  13. 

No.  14. 

Barnyard  manure 

Pounds, 

700 

800 

Pounds. 

700 

Cotton  seed 

Castor  pomace 

700 

600 

Dissolved  boneblack 

Dissolved  bone  meal 

.500 

500-800 

Rate  per  acre 

500-800 

Formulas  for  wheat,  oats,  or  rye. 


Ro.  15. 

No.  16. 

No.  17. 

No.  18. 

Stable  manure 

Pounds. 

Pounds. 

800 

Pounds. 

600 

Pounds. 

600 

Stable  manure  or  any  rich  earth  or  mold 

600 

Cotton  seed 

600 

Cotton-seed  meal 

700 

Kainit 

200 

Muriate  of  potash 

100 

100 

100 

Acid  phosphate  

600 

1,  000 

600 

Acid  phosphate  or  bone  meal 

600 

Sulphate  of  ammonia 

100 

100 

Dry  muck  or  other  rich  earth , 

600 

Formulas  for  tobacco. 


No.  19. 

No.  20. 

Stable  manure 

Pounds. 

900 

Potinds. 

Fine  horse  or  cow  manure,  rich  mold,  or  similar  material 

900 

Arid  phosphate 

500 

Acid  phosphate  or  dissolved  bone 

600 

Fish  scrap  or  tankage 

350 

Sulphate  of  ammonia 

100 

Sulphate  of  potash 

300 

150 

Sulphate  of  magnesia 

100 

Plaster  (gypsum) 

100 

The  following  dry  mixture  is  recommended  by  the  North  Carolina 
Station  for  cotton  and  corn : 

Pounds. 


Acid  phosphate 800 

Muriate  of  potash 100 

Sulphate  of  ammonia 60 


Finely  pulverized  manure  from  henhouses,  horse  or  cow  stables..  1,  040 

2, 000 

In  experiments  on  tomatoes,  sweet  potatoes,  and  peaches,  annual 
applications  of  10  tons  per  acre  of  barnyard  manure,  supplemented  by 
160  pounds  of  dissolved  boneblack,  80  pounds  of  muriate  of  iiotashor 
sulphate  of  potash,  and  100  pounds  of  nitrate  of  soda,  applied  sepa 
rately;  and  20  tons  of  manure,  with  double  the  amounts  of  the  other 
materials,  have  given  good  results. 

The  fermenting  of  peat  with  stable  manure  was  formerly  practiced 
to  a considerable  extent.  Where  such  a compost  is  desired  the  mate- 
rials should  be  laid  down  in  alternate  layers  in  the  proportion  of  about 
five  parts  of  peat  to  one  of  manure. 
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LASTING  OR  CUMULATIVE  EFFECT  OF  BARNYARD  MANURE. 

Barnyard  manure  is  probably  the  most  efficient  means  at  the  dis 
posal  of  the  farmer  to  permanently  improve  his  soil.  Ko  other  fertilizer 
possesses  to  so  great  a degree  the  power  of  restoring  worn  soils  to  pro- 
ductiveness and  giving  them  lasting  fertility.  It  accomplishes  this 
result,  however,  not  so  much  by  the  actual  fertilizing  constituents  which 
it  supplies  as  by  improving  the  physical  properties  of  the  soil,  increas- 
ing the  amount  of  humus,  which  is  generally  deficient  in  worn  soils, 
improving  its  texture,  and  increasing  its  water-absorbing  and  water- 
holding power.  Experiments  have  shown  that  the  influence  of  manure 
may  be  perceptible  twenty  years  after  application.  Observations  at 
Kothamsted,  England,  during  forty  years  on  barley  unmanured,  manured 
continuously,  and  manured  during  the  first  twenty  years  only  showed 
that  ‘‘there  was  gradual  exhaustion  and  reduction  of  produce  without 
manure,  and  gradual  accumulation  and  increase  of  produce  with  the 
annual  application  of  farmyard  manure.  But  when  the  application  was 
stopped,  although  the  effect  of  the  residue  from  the  previous  applica- 
tions was  very  marked,  it  somewhat  rapidly  diminished,  notwithstand- 
ing that  calculation  showed  an  enormous  accumulation  of  nitrogen  as 
well  as  other  constituents.’^ 

The  yield,  however,  was  maintained  for  twenty  years  considerably 
higher  than  that  on  the  unmanured  soil.  Continuous  manuring  of 
wheat  at  the  rate  of  14  tons  per  acre  annually  for  forty  years  resulted 
in  an  average  increase  of  yield  from  year  to  year  of  one-fourth  bushel 
per  acre,  or  a total  of  about  10  bushels  in  forty  years.  While  it  is  true 
that  there  is  a constant  increase  in  the  productiveness  of  soil  on  which 
barnyard  manure  is  applied  regularly,  it  is  not  as  great  as  the  amounts 
applied  would  seem  to  justify.  This  is  chiefly  due  to  the  fact,  already 
explained,  that  the  nitrogen  is  largely  converted  into  slowly  available 
forms. 

SUMMARY. 

(1)  Barnyard  manure  is  the  most  important  manurial  resource  of 
the  farm  and  should  be  carefully  saved  and  used.  It  represents  fer- 
tility drawn  from  the  soil  and  must  be  returned  to  it  if  productiveness 
is  to  be  maintained.  In  many  cases  it  has  been  demonstrated  that  the 
value  of  the  manure  obtained  in  cattle  feeding  represents  largely,  if 
not  entirely,  the  profit  of  feeding. 

(2)  There  are  sound  scientific  reasons  for  the  high  esteem  in  which 
this  manure  is  held.  It  contains  all  the  fertilizing  elements  required 
by  plants  in  forms  that  insure  plentiful  croj)S  and  permanent  fertility 
to  the  soil.  It  not  only  enriches  the  soil  with  the  nitrogen,  phosphoric 
acid,  and  potash  which  it  contains,  but  it  also  renders  the  stored-up 
materials  of  the  soil  more  available,  improves  the  mechanical  condition 
of  the  soil,  makes  it  warmer,  and  enables  it  to  retain  more  moisture  or 
to  draw  it  up  from  below. 
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(3)  Tlie  amount  and  value  of  manure  produced  by  difterent  kinds  of 
farm  animals  may  be  judged  from  the  following  figures,  calculated  to 
IjOOO  pounds  of  live  weight:  Sheep,  34.1  pounds  of  manure  per  day, 
worth  7.2  cents;  calves,  67.8  pounds,  worth  6.7  cents;  pigs,  83.6  pounds, 
worth  16.7  cents;  cows,  74.1  pounds,  worth  8 cents,  and  horses  48.8 
pounds,  worth  7.6  cents,  basing  calculations  of  value  on  market  prices 
of  commercial  fertilizers,  which  probably  gives  results  much  too  high. 
Making  liberal  allowances  for  these  and  other  considerations.  Prof. 
Koberts  estimates  that  the  value  of  the  manure  produced  on  a sm.all 
farm  carrying  4 horses,  20  cows,  50  sheep,  and  10  pigs  during  the  seven 
winter  months  amounts  to  about  $250. 

(4)  The  urine  is  by  far  the  most  valuable  part  of  the  excreta  of  ani- 
mals. It  is  especially  rich  in  readily  available  nitrogen,  which  rapidly 
escapes  into  the  air  if  special  precautions  are  not  taken  to  prevent  its 
loss.  It  is  also  rich  in  potash,  but  deficient  in  phosphoric  acid.  It 
should,  as  a rule,  be  used  in  connection  with  the  solid  dung,  the  one  thus 
supplying  the  deficiences  of  the  other  and  making  a more  evenly  bal- 
anced manure. 

(5)  Barnyard  manure  is  a very  variable  substance.  The  more 
important  conditions  which  determine  its  composition  and  value  are 
(1)  age  and  kind  of  animal,  (2)  quantity  and  quality  of  food,  (3)  propor- 
tion of  litter,  and  (4)  method  of  management  and  age.  Mixed  barnyard 
manure  properly  cared  for  may  be  assumed  to  have  the  following  com- 
position: Water,  75  per  cent;  nitrogen,  0.57  per  cent ; phosphoric  acid, 
0.3  per  cent;  potash,  0.57  per  cent. 

(6)  Mature  animals,  neither  gaining  nor  losing  weight,  excrete  practi- 
cally all  the  fertilizing  constituents  consumed  in  the  food.  Growing 
animals  and  milch  cows  excrete  from  50  to  75  per  cent  of  the  fertilizing 
constituents  of  the  food;  fattening  or  working  animals  from  90  to  95 
per  cent.  As  regards  the  fertilizing  value  of  equal  weights  of  manure 
in  its  normal  condition,  farm  animals  probably  stand  in  the  following 
order : Poultry,  sheep,  pigs,  horses,  cows. 

(7)  In  a given  class  of  animals  the  value  of  the  manure  is  determined 
more  by  the  nature  of  the  food  than  by  any  other  factor.  The  amounts 
of  fertilizing  constituents  in  the  manure  stand  in  direct  relation  to 
those  in  the  food.  As  regards  the  value  of  manure  produced  the  concen- 
trated feeding  stuffs,  such  as  meat  scrap,  cotton- seed  meal,  linseed  meal, 
and  wheat  bran  stand  first,  the  leguminous  plants  (clover,  peas,  etc.) 
second,  the  grasses  third,  cereals  (oats,  corn,  etc.)  fourth,  and  root  crops, 
such  as  turnips,  beets,  and  mangel-wurzels  last. 

The  nitrogen  of  the  food  exerts  a greater  influence  on  the  quality  of 
the  manure  than  any  other  constituent.  It  is  the  most  costly  fertilizing 
constituent,  and  is  present  in  largest  quantity.  It  undergoes  more 
modification  in  the  animal  stomach  than  the  mineral  constituents 
(potash  and  phosphoric  acid),  and  rapidly  escapes  from  the  manure 
in  fermentation.  The  secretion  of  urine  increases  with  the  increase 
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of  iiitrogeuous  substances  in  the  food,  thus  uecessitating  the  use 
of  larger  amounts  of  litter  and  alfecting  both  the  amount  and  value 
of  the  manure.  The  use  of  watery  foods,  as  is  obvious,  produces  the 
same  result. 

(8)  The  deterioration  of  manure  results  from  two  chief  causes,  (a) 
fermentation,  whereby  nitrogen,  either  as  ammonia  or  in  the  gaseous 
state,  is  set  free,  and  (b)  weathering  or  leaching,  which  involves  a loss 
of  the  soluble  fertilizing  constituents.  The  loss  from  destructive 
fermentation  may  be  almost  entirely  prevented  by  the  use  of  proper 
absorbents  and  preservatives,  such  as  gypsum,  superphosphate,  and 
kainit,  and  by  keeping  the  manure  moist  and  compact.  Loss  from 
leaching  may  be  prevented  by  storage  under  cover  or  in  pits.  Extremes 
of  moisture  and  temperature  are  to  be  avoided,  and  uniform  and  mod- 
erate fermentation  is  the  object  to  be  sought.  To  this  end  it  is  advis- 
able to  mix  the  manure  from  the  different  animals  thoroughly  in  the 
heap. 

(9)  When  practicable  it  is  best  to  apply  manure  in  the  fresh  condition. 
The  disposition  to  be  made  of  the  manure  of  the  farm  (both  fermented 
and  unfermented)  must  be  determined  largely  by  the  nature  of  the  crop 
and  soil.  Where  improvement  of  the  mechanical  condition  of  the  soil 
is  the  principal  object  sought,  fresh  manure  is  best  adapted  for  this 
purpose  to  heavy  soils  and  well-rotted  manure  to  light  soils.  Where 
prompt  action  of  the  fertilizing  constituents  is  desired,  the  best  results 
will  probably  be  obtained  by  applying  fresh  manure  to  the  light  soils, 
although  excessive  applications  in  this  case  should  be  avoided  on  account 
of  the  danger  of  ‘‘burning  out”  of  the  soil  in  dry  seasons.  Fresh 
manure  has  a forcing  effect,  and  is  better  suited  to  grasses  and  forage 
plants  than  to  plants  grown  for  seed,  such  as  cereals.  Direct  applica- 
tions to  root  crops,  such  as  sugar  beets,  potatoes,  or  tobacco,  often  prove 
injurious.  The  manure  should  be  spread  when  carried  to  the  field,  and 
not  left  in  heaps  to  leach. 

The  rate  of  application  must  be  determined  by  individual  circum- . 
stances.  As  a rule  it  is  better  to  manure  lightly  and  frequently  than 
to  apply  a large  amount  at  longer  intervals. 

(10)  One  of  the  best  ways  to  utilize  barnyard  manure  is  to  combine 
it  with  such  materials  as  supplement  and  conserve  its  fertilizing  con- 
stituents. The  best  results  are  likely  to  be  obtained  by  using  com- 
mercial fertilizing  materials  in  connection  with  barnyard  manure,  either 
in  compost  or  separately.  As  is  well  known,  barnyard  manure  is  last, 
ing  in  its  effects,  and  in  many  cases  need  not  be  applied  so  frequently 
as  the  more  soluble  and  quick-acting  superphosphates,  potash  and 
nitrogen  salts,  etc. 
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general  principles  of  feeding,  with  the  expectation  that  hereafter  it  may  be  possible 
to  discuss  the  application  of  these  principles  to  different  kinds  of  farm  animals  in 
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THE  FEEDING  OF  FARM  ANIMALS- 


PSINCIPLES  OF  FEEDING. 

The  feeding  of  farm  animals,  like  the  use  of  fertilizers  for  crops, 
rests  upon  quite  well-defined  general  principles.  Our  knowledge  of 
these  principles  has  been  derived  from  the  studies  of  the  chemist  and 
the  animal  physiologist,  on  the  composition  and  functions  of  food  and 
the  way  it  is  utilized  after  it  is  eaten.  These  studies  have  shown  that 
the  materials  of  the  body  are  continually  breaking  down  and  being  con- 
sumed, and  that  to  keep  the  animal  in  a healthy  and  vigorous  condition 
there  must  be  a constant  supply  of  new  material.  If  this  is  lacking,  or 
is  insufficient,  hunger  and  finally  death  result.  To  keep  up  this  sup- 
ply is  one  of  the  chief  functions  of  food,  but  in  addition  to  this  the 
food  maintains  the  heat  of  the  body  and  at  the  same  time  furnishes  the 
force  or  energy  which  enables  the  animal  to  move  the  muscles  and  do 
work,  and  also  to  perform  the  necessary  functions  of  the  body.  In  fur- 
nishing heat  and  energy  the  food  may  be  said  to  serve  as  fuel.  If,  in 
addition  to  repairing  the  wastes  of  the  system  and  furnishing  it  with 
heat  and  energy,  growth  is  to  be  made  (as  in  the  case  of  immature  ani- 
mals) or  milk  secreted,  an  additional  supply  of  food  is  required.  To 
supply  food  in  the  right  proportion  to  meet  the  various  requirements 
of  the  animal,  without  a waste  of  food  nutrients,  constitutes  scientific 
feeding.  It  is  by  carefully  studying  the  composition  of  feeding  stuffs, 
the  proportion  in  which  they  are  digested  by  different  animals  and 
under  different  conditions,  and  the  requirement  of  animals  for  the 
various  food  nutrients  when  at  rest,  at  work,  giving  milk,  producing 
wool,  mutton,  beef,  pork,  etc.,  that  the  principles  of  feeding  have  been 
worked  out.  In  applying  these  principles  in  practice  the  cost  and 
special  adaptations  of  different  feeding  stuffs  must  of  course  be  taken 
into  account. 

COMPOSITION  OF  THE  ANIMAL  BODY. 

The  animal  body  is  made  up  mainly  of  four  classes  of  substances — 
water,  ash  or  mineral  ingredients,  fat,  and  nitrogenous  matters.  The 
proportion  in  which  these  four  classes  of  substances  occur  depends 
upon  the  age  of  the  animal,  treatment,  purpose  for  which  it  is  kept,  etc. 

Water  constitutes  from  40  to  60  per  cent  of  the  body,  and  is  an  essen- 
tial part.  From  2 to  5 per  cent  of  the  weight  of  the  body  is  ash.  This 
occurs  mainly  in  the  bones.  The  fat  varies  greatly  with  the  condition 
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of  the  animal,  bat  seldom  falls  below  6 per  cent  or  rises  above  30  per 
cent.  The  nitrogenous  material  or  protein  includes  all  of  the  mate- 
rials containing  nitrogen;  all  those  outside  this  group  are  nitrogen- 
free,  or  nonnitrogenous.  The  nitrogen  referred  to  here  is  the  same 
as  that  mentioned  in  connection  with  fertilizers,  and  is  the  element 
which  constitutes  about  four-fifths  of  the  atmosphere.  It  occurs  in 
plants  and  animals  in  various  compounds  grouped  under  the  general 
name  of  protein.  Lean  meat,  white  of  the  egg,  and  casein  of  milk 
(curd)  are  familiar  forms  of  protein.  The  flesh,  skin,  bones,  muscles, 
internal  organs,  brain,  and  nerves — in  short,  all  of  the  working 
machinery  of  the  body — are  composed  very  largely  of  protein.  The 
albuminoids  are  a class  of  compounds  included  under  protein. 

COMPOSITION  OF  FEEDING  STUFFS. 

The  food  of  herbivorous  animals  contains  the  same  four  groups  of 
substances  found  in  the  body,  viz,  water,  ash,  protein  (nitrogenous 
materials),  and  fat;  and  in  addition  to  these  a class  of  materials  called 
carbohydrates,  defined  below. 

Water. — However  dry  a feeding  stuff  may  appear  to  be — whether 
hay,  coarse  fodder,  grain,  or  meal — it  always  contains  a considerable 
amount  of  water  which  can  be  driven  out  by  heat.  The  amount  may 
be  only  from  8 to  15  pounds  per  100  pounds  of  material,  as  in  hay, 
straw,  or  grain,  but  in  green  corn  fodder  and  silage  it  amounts  to 
nearly  80  pounds,  and  in  some  roots  to  90  pounds.  This  water, 
although  it  may  add  to  the  palatability  of  a food,  is  of  no  more  benefit 
to  the  animal  than  water  which  it  drinks.  For  this  reason,  and  because 
the  proportion  of  water  varies  widel}^,  comparisons  of  different  kinds 
of  foods  are  usually  made  on  a dry  or  water-free  basis,  which  shows 
the  percentage  of  food  ingredients  in  the  dry  matter. 

Ash.  is  what  is  left  when  the  combustible  part  of  a feeding  stuff  is 
burned  away.  It  consists  chiefly  of  lime,  magnesia,  potash,  soda, 
iron,  chlorin,  and  carbonic,  sulphuric,  and  phosphoric  acids,  and  is 
used  largely  in  making  bones.  From  the  ash  constituents  of  the  food 
the  digestive  organs  of  the  animal  select  those  which  the  animal  needs 
and  the  rest  is  voided  in  the  manure.  As  a general  rule  rations  com- 
posed of  a variety  of  nutritious  foods  contain  sufficient  ash  to  supply 
the  requirements  of  the  body.  Corn,  however,  is  poor  in  ash,  and 
when  fed  extensively  to  growing  animals,  like  pigs,  it  may  be  neces- 
sary to  add  to  it  some  ash  material,  as  wood  ashes,  charcoal,  or  bone 
meal. 

Fat,  or  the  material  which  in  analysis  is  dissolved  from  a feeding 
stuff  by  ether,  includes,  besides  real  fats,  wax,  the  green  coloring 
matter  of  plants,  etc.  For  this  reason  the  ether  extract  is  usually 
designated  crxide  fat.  The  fat  of  food  is  either  stored  up  in  the  body 
as  fat  or  burned  to  furnish  heat  and  energy. 
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Carboliydrates  are  usually  divided  into  two  groups:  (1)  Nitrogen-free 
extract,  including  starch,  sugar,  gums,  and  the  like;  and  (2)  cellulose  or 
fiber,  the  essential  constituent  of  the  walls  of  vegetable  cells.  Cotton 
fiber  and  wood  pulp  are  nearly  pure  cellulose.  Coarse  fodders,  like 
hay  and  straw,  contain  a large  proportion  of  fiber,  while  most  grains 
contain  little  fiber,  but  are  rich  in  starch,  sugar,  etc.  (nitrogen-free 
extract).  The  carbohydrates  form  the  largest  part  of  all  vegetable 
foods.  They  are  not  permanently  stored  up  as  such  in  the  animal 
body,  but  are  either  stored  up  as  fat  or  burned  in  the  system  to  pro- 
duce heat  and  energy.  They  are  one  of  the  principal  sources  of  ani- 
mal fat. 

Protein  (or  nitrogenous  materials)  is  the  name  of  a group  of  materials 
containing  nitrogen.  All  other  constituents  of  the  feeding  stuffs — the 
ash,  fat,  and  carbohydrates — are  nonnitrogenous  or  free  from  nitrogen. 
Protein  materials  are  often  designated  as  ‘‘flesh  formers,”  because 
they  furnish  the  materials  for  the  lean  flesh;  but  they  also  enter  largely 
into  the  composition  of  blood,  skin,  muscles,  tendons,  nerves,  hair, 
horns,  wool,  the  casein  and  albumen  of  milk,  etc.  For  the  formation 
of  these  materials  protein  is  absolutely  indispensable.  No  substances 
free  from  nitrogen  can  be  worked  over  into  protein  or  fill  the  place  of 
protein.  It  is,  then,  absolutely  necessary  for  an  animal  to  be  provided 
with  a certain  amount  of  protein  in  order  to  grow  or  maintain  exist- 
ence. Under  certain  conditions  it  is  believed  protein^may  be  a source 
of  fat  in  the  body;  and  finally  it  may  be  burned,  like  the  carbohydrates 
and  fat,  yielding  heat  and  energ3^ 

SOURCES  OF  HEAT  AND  ENERGY. 

The  sources  of  heat  and  energy  in  the  animal,  then,  are  the  protein, 
fat,  and  carboh3^drates  of  the  food,  and  the  fat  and  protein  of  the  body, 
for  the  fat  and  protein  of  the  body  may  be  burned  like  that  in  the 
food.  The  value  of  the  fat  for  producing  heat  is  nearly  two  and  a half 
times  that  of  carbohydrates  or  protein.  The  sources  of  fat  in  the  body 
are  the  fat,  carbohydrates,  and,  probably,  the  protein  of  the  food;  and 
the  exclusive  source  of  protein  in  the  body  is  the  protein  in  the  food. 
These  groups  of  food  materials  are  termed  nutrients. 

SOURCES  OF  FAT. 

To  a certain  extent  at  least  the  nutrients  may  replace  one  another, 
although,  as  stated  above,  no  other  nutrient  can  take  the  place  of  pro- 
tein for  building  tissue  and  repairing  waste  of  nitrogenous  materials 
in  the  body.  The  fat  and  carbohydrates  perform  similar  functions, 
and  to  a large  extent  carbohydrate  materials  may  replace  fat  in 
the  food,  even  when  a large  fat  production  is  demanded  of  the  animal, 
as  in  the  case  of  the  cow.  For  example,  Jordan,  at  the  New  York  State 
experiment  station,  fed  a cow  for  ninety-five  days  upon  food  from 
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which  the  fat  had  been  extracted  as  thoroughly  as  possible.  In  spite 
of  this  absence  of  food  fat  the  cow  continued  to  secrete  milk  similar  to 
that  produced  on  a normal  ration.  Nearly  63  pounds  of  fat  was  yielded 
in  the  milk  during  the  ninety-five  days,  and  the  cow  gained  47  pounds 
during  that  time,  being  judged  a much  fatter  cow  at  the  end  than  at 
the  beginning.  He  concludes  that  the  milk  fat  was  produced  quite 
largely,  if  not  entirel}^,  from  the  carbohydrates  of  the  food. 

The  exact  processes  by  which  the  nutrients  are  changed  into  the  dif- 
ferent components  or  products  of  the  body  is  not  definitely  known. 

TABLE  OF  COMPOSITION. 

The  composition  of  feeding  stuffs,  or  the  proportion  in  which  the 
nutrients  occur,  is  determined  by  chemical  analysis.  A large  number 
of  analyses  of  American  feeding  stuffs  have  been  made.  These  analy- 
ses have  been  compiled,  and  are  summarized  in  the  table  given  at  the 
end  of  this  bulletin.  This  table  shows  the  average  composition  of  a 
large  number  of  feeding  stuffs  in  common  use,  together  with  the  limits 
within  which  the  composition  has  been  found  to  vary.  These  maxi- 
mum, minimum,  and  average  results  are  given  for  the  foods  as  they 
are  fed  (green  or  dry).  The  carbohydrates  have  here  been  divided 
into  the  two  groups  mentioned  above,  viz,  fiber  and  nitrogen-free 
extract,  as  they  are  determined  separatel}^  The  sum  of  the  two  gives 
the  total  carbol^drates.  In  the  last  column  of  this  table  is  stated 
the  total  number  of  analyses  from  which  the  average  was  obtained. 
The  probable  accuracy  of  the  average  increases  with  the  number  of 
analyses  on  which  it  is  based. 

This  table  shows  how  great  are  the  differences  in  composition 
between  different  kinds  of  feeding  stuffs.  Take  the  case  of  protein 
for  instance.  In  straw  this  varies  from  3 to  4 per  cent;  in  hay  of 
grasses  from  6 to  8 per  cent;  in  hay  of  clovers,  cowpeas  and  the  like, 
from  12  to  16  per  cent;  in  grains  from  10  to  12i  per  cent;  and  in  by- 
products it  reaches  35  per  cent  in  linseed  meal,  42  per  cent  in  cotton- 
seed meal,  and  47i  per  cent  in  peanut  meal.  Protein,  like  its 
counterpart,  the  nitrogen  in  fertilizers,  is  the  most  expensive  element, 
and  a considerable  amount  of  it  is  absolutely  essential  to  growth. 
The  table  will  aid  in  the  selection  of  the  cheapest  sources  of  food 
materials. 

DIGESTIBILITY  OF  FEEDING  STUFFS. 

The  table  just  referred  to  gives  the  total  amounts  of  nutrients  found 
by  analysis  in  different  feeding  stuffs.  But  only  a portion  of  these 
amounts  is  of  direct  use  to  the  animal,  i.  e.,  only  that  digested.  A part 
of  the  food  is  dissolved  and  otherwise  altered  by  the  juices  of  the  mouth, 
stomach,  and  intestines,  absorbed  from  the  alimentary  canal,  and  in  the 
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form  of  chyle  passes  into  the  blood  and  finally  serves  to  nourish  and 
sustain  the  body.  This  portion  is  said  to  be  digested  and  assimilated, 
and  from  it  alone  the  animal  is  nourished.  The  other  portion,  the  part 
not  digested,  passes  on  through  the  body  and  is  excreted  as  manure. 

PERCENTAGE  OF  NUTRIENTS  DIGESTED. 

As  the  rates  of  digestibility  are  not  constant  for  different  foods,  and 
as  only  the  digestible  portion  is  of  any  nutritive  use  to  the  animal,  it 
is  essential  to  know  in  the  case  of  each  feeding  stuff  what  part  of  its 
protein,  fat,  and  carbohydrates  (the  total  quantity  of  which  is  shown 
by  analysis)  is  actually  digested  by  the  animal.  This  is  determined 
by  digestion  experiments  with  animals,  and  to  secure  approximately 
accurate  figures  the  trials  are  repeated  with  a large  number  of  animals 
and  under  various  conditions.  The  figures  obtained  represent  the 
percentages  of  the  nutrients  digested  and  are  called  digestion  coef- 
ficients. 

In  the  case  of  clover  hay,  for  instance,  on  an  average  60  per  cent  of 
the  protein  which  it  contains,  55  per  cent  of  the  fat,  55  per  cent  of 
the  fiber,  and  65  per  cent  of  the  nitrogen-free  extract  are  digested  by 
cows.  The  table  of  composition  shows  red-clover  hay  to  average  12.3 
per  cent  of  protein,  or  12.3  pounds  of  protein  in  100  pounds  of  hay. 
As  only  60  per  cent  of  this  is  digestible,  100  pounds  of  hay  would  con- 
tain only  7.38  pounds  of  digestible  protein.  The  remaining  4.92 
pounds  of  protein  are  voided  and  do  not  aid  in  nourishing  the  animal. 
The  amounts  of  digestible  fat  and  carbohydrates  (fiber  and  nitrogen- 
free  extract)  are  calculated  in  a similar  way.  The  digestibility  of 
such  coarse  fodders  as  straw,  coarse  hay,  etc.,  is  relatively  low.  The 
digestibility,  like  the  composition,  varies  somewhat  for  the  same  kind 
of  feeding  stuff  grown  under  different  conditions  and  fed  to  different 
animals. 

AMOUNTS  OF  DIGESTIBLE  NUTRIENTS  IN  DIFFERENT  FEEDING 

STUFFS. 

To  simplify  matters  for  the  feeder,  calculations  have  been  made  of 
the  amounts  of  digestible  protein,  fat,  and  carbohydrates  contained 
in  100  pounds  each  of  a large  number  of  more  commonly  used  feeding 
stuffs.  As  has  been  fully  explained  above,  they  are  derived  from 
averages  of  composition  and  of  digestibility,  both  of  which  are  subject 
to  considerable  variation.  In  calculating  them  American  analyses  and 
digestion  coefficents  found  in  American  experiments  were  used  as  far 
as  possible.  They  are  the  figures  which  the  farmer  has  to  consult  to 
find  the  approximate  food  value  of  a material  in  selecting  his  feeding 
stuffs  or  making  up  a ration. 
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Dry  matter  and  digestible  food  ingredients  in  100  pounds  of  feeding  stuffs. 


Feeding  stuff. 

Total  dry 
matter. 

[ 

Protein. 

Carbo- 

hydrates. 

Fat. 

Fuel 

value. 

Green  fodder: 

Corn  fodder!  (average  of  all  varieties) 

Pounds. 

20.7 

Pounds. 

1.10 

Pounds. 

12.08 

Pounds. 

0,37 

Calories. 
26, 076 
29, 101 
31, 914 
42,093 
45, 785 
35, 593 
35, 755 
45, 909 

27.0 

0. 87 

13. 80 

0.43 
0. 44 

Rye  fodder 

23.4 

2.05 

14.11 

Oat  fodder 

37.8 

2. 44 

17.99 

0,97 

34.7 

2.06 

21.24 

0. 58 
0.58 

Orchard  grass,  in  bloom 

27.0 

1. 91 

15, 91 

30.1 

1.49 

16.78 

0.42 

38.4 

2.01 

21.22 

0.64 

34.9 

2. 66 

17. 78 

0. 69 

40, 930 
34, 162 
36, 187 
23, 191 
29,  798 
19,209 
29,833 
21, 457 
33,046 
69, 358 

Hungarian  grass 

28.9 

1. 92 

15.63 

0. 36 

29.2 

3.07 

14.82 

0. 69 

19.3 

2. 16 

9.31 

0.44 

28.2 

3.89 

11.20 

0. 41 

Cowpea 

16.4 

1.68 

8.08 

0. 25 

Soy  bean 

28.5 

2, 79 

11.82 

0.63 

14.3 

2. 16 

8.65 

0. 32 

25.6 

1.  21 

14.56 

0.88 

57.8 

2.34 

32.34 

1.15 

Corn  stover,  field  cured 

59.5 

1.98 

33. 16 

0. 57 

67, 766 
84,562 

82.894 
76, 649 
92,900 

100,078 
92,  729 
86,927 
110, 131 
95, 726 
93,925 
96, 040 
97,059 
92, 324 
98,460 
105,346 
95, 877 
94, 936 

97,  866 

98,  569 

69.894 
78,254 
77, 310 
82, 987 

33, 089 
18, 904 
12,  889 
13, 986 
16, 497 
16,999 

157,237 
116,022 
143, 499 
124, 757 
152, 400 
154, 848 
160, 047 

147, 797 
132, 972 
143, 302 

138. 918 
143,202 
130,246 

170, 210 

165. 918 
174, 228 
187,399 
151,420 
160, 583 
150,933 
165, 788 
158, 952 
120,624 

80.8 

1. 82 

41.42 

0.98 

Hay  from— 

Barley 

89.4 

5. 11 

35. 94 

1.55 

Oats  /. 

84.0 

4. 07 

33. 35 

1.67 

Orchard  grass 

90.1 

4. 78 

41.99 

1.40 

91.1 

4,82 

46. 83 

0. 95 

86.8 

2.89 

43. 72 

1.43 

78.8 

4. 76 

37.46 

1.99 

Hungarian  grass 

92.3 

4. 50 

51.67 

1.34 

80.0 

4.20 

43. 34 

1.73 

87.1 

4. 22 

43.  26 

1. 33 

83.4 

7. 19 

41.  20 

1.43 

Mixed  grasses  and  clover 

87.1 

6. 16 

42.  71 

1. 46 

Red  clover 

84.7 

7.38 

38.15 

1.81 

Alsike  clover 

90.3 

8. 15 

41, 70 

1. 36 

White  clover 

90.3 

11.46 

41.82 

1.48 

Crimson  clover 

91.4 

10. 49 

38.13 

1.29 

Alfalfa  3 

91.6 

10. 58 

37. 33 

1. 38 

Cowpea 

89.3 

10. 79 

38.  40 

1. 51 

Soy  bean 

88.7 

10. 78 

38. 72 

1.54 

Wheat  straw 

90.4 

0,37 

36.30 

0. 40 

Rye  straw 

92.9 

0. 63 

40.58 

0.38 

Oat  straw 

90.8 

1.20 

38. 64 

0. 76 

Soy-bean  straw 

89.9 

2. 30 

39. 98 

1.03 

Roots  and  tubers: 

Potatoes 

21.1 

1.36 

16. 43 

Beets 

13.0 

1,21 

8. 84 

0.05 

Mangel- wurzels 

9.1 

1.03 

5.65 

0. 11 

Turnips 

9.5 

0. 81 

6.46 

0. 11 

Ruta-bagas 

11.4 

0. 88 

7. 74 

0. 11 

Carrots 

11.4 

0. 81 

7. 83 

0.22 

Grains  and  other  seeds: 

Corn  (average  of  dent  and  flint) 

81.1 

7. 14 

66. 12 

4. 97 

Kafir  corn 

87.5 

6. 78 

53.  58 

1. 33 

Barley 

89.1 

8. 69 

64.83 

1. 60 

Oats 

89.0 

9.25 

48,34 

4.18 

R,ve 

88.4 

9.12 

69.  73 

1.  36 

Wheat  (all  varieties) 

89.5 

10.23 

69.  21 

1.68 

Cotton  seed  (whole) 

89.7 

11.08 

33. 13 

18. 44 

Mill  products: 

Corn  meal 

85.0 

6. 26 

65.26 

3.50 

Corn-and-cob  meal 

84.9 

4.  76 

60. 06 

2. 94 

Oatmeal 

92.1 

11. 53 

52.06 

5. 93 

Bariev  meal 

88.1 

7.36 

62.  88 

1.96 

Ground  corn  and  oats,  equal  parts 

88.1 

7.01 

61.20 

3. 87 

Pea  meal 

89.5 

16.  77 

51,78 

0.65 

Waste  products: 

Gluten  meal — 

Buffalo 

91.8 

21.56 

43. 02 

11. 87 

Chicago 

90.5 

33,09 

89.96 

4. 75 

Hammond 

91.9 

24.90 

45. 72 

10. 16 

Kiup'  , 

92.8 

30. 10 

35. 10 

15. 67 

Cream  gluten  (recent  analyses) 

90.4 

30.45 

45. 36 

2.47 

Gluten  feed  (recent  analyses) 

91.9 

19. 95 

54.22 

6.35 

Buffalo  (recent  analyses) 

91.0 

22.88 

51.71 

2. 89 

Rockford  (Diamond) 

91.3 

20.38 

54. 71 

3.82 

Hominy  chops 

88.9 

8. 43 

61.01 

7.06 

Malt  sprouts 

89.8 

1 18. 72 

43.50 

1.16 

1 Corn  fodder  is  entire  plant,  usually  sown  thick. 

2 Herd’s  grass  of  New  England  and  New  York. 
^Lucern. 
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Dry  matter  and  digestible  food  ingredients  in  100  pounds  of  feeding  stuffs — Continued. 


Feeding  stuft. 

Total  dry 
matter. 

Protein. 

Carbo- 

hydrates. 

Fat. 

Fuel 

value. 

Waste  products — Continued, 

Brewers’  grains  (wet) 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Calories. 

24.3 

4. 00 

9. 37 

1.38 

30, 692 

, Brewers’  grains  (dried) 

Distillery  grains  (dried),  principally  corn 

92.0 

19.04 

31.79 

6. 03 

119, 990 

93.0 

21.93 

38.09 

10. 83 

157, 340 

Distillery  grains  (dried),  principally  rye 

Atlas  gluten  feed  (distillery  by-product) 

93.2 

10.  38 

42.48 

6. 38 

125, 243 

92.6 

23.  33 

35. 64 

11.88 

159,818 

Rye  bran 

88.2 

11.47 

52. 40 

1.79 

126, 352 

Wheat  bran,  all  analyses 

88.5 

12.  01 

41.23 

2. 87 

111, 138 

Wheat  middlings 

84.0 

12.  79 

53. 15 

3.40 

13?,  996 

Wheat  shorts 

88.2 

12.22 

49.  98 

3. 83 

131,855 

Buckwheat  bran 

88.5 

19. 29 

31.65 

4.56 

113,992 

Buckwheat  middlings 

88.2 

22.  34 

36. 14 

6. 21 

134, 979 

Cotton-seed  feed 

92.0 

9.  65 

38. 57 

3. 37 

103,911 

Cotton-seed  meal 

91.8 

37.  01 

16. 52 

12.58 

152, 653 

Cotton-seed  hulls 

88.9 

1.05 

32. 21 

1.89 

69, 839 

Linseed  meal  (old  process) 

90.8 

28.76 

32.81 

7.06 

144, 313 

Linseed  meal  (new  process) 

90.1 

30.59 

38. 72 

2.90 

141,155 

Sugar-beet  pulp  (fresh) 

10. 1 

0. 63 

7, 12 

14,415 

134,459 

30, 829 

Sugar-beet  pulp  (dry) 

93.6 

6. 80 

65. 49 

Milk  and  its  by-products: 

W’hole  milk 

12.8 

3.  38 

4.80 

3. 70 

Skim  milk,  cream  raised  by  setting 

9.6 

3. 10 

4.  61 

0.90 

18, 139 

Skim  milk,  cream  raised  by  separator 

9.4 

3.01 

5. 10 

0.30 

16,351 

Buttermilk 

9.0 

2.82 

4.  70 

0.50 

16,097 

Whey 

6.2 

0.  56 

5.00 

0. 10 

10,764 

FUEIi  VALUE. 

The  last  column  in  the  above  table,  headed  fuel  value,”  indicates 
the  heat  and  energy  power  of  the  food.  As  stated  above,  one  of  the 
primary  functions  of  the  food  is  to  produce  heat  for  the  body  and 
energy  for  work.  The  value  of  food  for  this  purpose  is  measured  in 
“heat  units”  or  “calories,”^  and  is  calculated  from  the  nutrients 
digested.  Thus  the  fuel  power  of  1 pound  of  digestible  fat  is  estimated 
to  be  4,220  calories,  and  of  1 pound  of  digestible  protein  or  carbo- 
hydrates about  1,860  calories.  The  total  fuel  value  of  a feeding  stuff 
is  found  by  using  these  factors. 

The  meaning  of  the  figures  in  the  above  table  is  that  in  100  pounds 
of  green  corn  fodder  containing  an  average  amount  of  dry  matter  (20.7 
pounds)  there  are  contained  approximately  1.10  pounds  of  digestible 
protein  (materials  containing  nitrogen),  12.08  pounds  of  digestible  car- 
bohydrates (starch,  sugar,  fiber,  etc.),  and  0.37  pound  of  digestible  fat; 
and  that  these  materials  when  consumed  in  the  body  will  yield  26,076 
calories  of  heat,  furnishing  energy  for  work  and  maintaining  the 
temperature  of  the  body. 

FOOD  REaUIREMENTS  OF  ANIMALS. 

It  will  be  remembered  that  the  primary  functions  of  food  are  to  repair 
the  waste  of  the  body,  to  promote  growth  in  immature  animals,  and  to 
furnish  heat  and  energy.  And  for  these  purposes  onl}^  the  digestible 
portion  of  the  food,  as  given  in  the  above  table,  is  to  be  taken  into 


calorie  of  heat  is  the  amount  required  to  raise  the  temperature  of  a pound  of 
water  about  4°  F. 
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account.  The  amount  of  digestible  protein,  fat,  and  carbohydrates  in 
a ration  is  an  indication  of  its  fitness  to  fulfill  these  purposes.  The 
next  question  is,  How  much  of  these  materials  does  an  animal  require, 
and  in  what  proportion  should  they  be  giv^en?  This  differs  with  the 
purpose  for  which  the  animal  is  kept,  whether  it  is  growing,  bein^ 
fattened,  used  for  work,  or  making  milk.  An  ox  standing  in  the  stall 
requires  less  food  nutrients  than  one  which  is  worked  hard  eveiy  day. 
That  is,  in  drawing  heavy  loads  the  animal  breaks  down  or  consumes  a 
certain  amount  of  muscular  tissue,  which  must  be  replaced  by  protein 
in  the  food,  and  it  uses  energy  or  force  which  is  also  furnished  by  the 
food  nutrients.  In  standing  in  the  barn  it  still  requires  some  protein, 
fat,  and  carbohydrates  to  perform  the  necessary  functions  of  the  body 
to  maintain  heat  in  winter,  to  grow  a new  coat  of  hair,  etc.  But  if  it 
is  fed  the  same  ration  as  when  working  hard,  the  tendency  is  to  get  fat 
or  waste  the  food. 

FOOD  REQUIRED  BY  COWS.  • 

The  cow  requires  not  only  materials  for  maintenance,  but  must  also 
have  protein,  fat,  and  carbohydrates  to  make  milk  from.  The  milk 
contains  water,  fat,  protein  (casein,  or  curd),  sugar,  and  ash,  and  these 
are  all  made  from  the  constituents  of  the  food.  If  insufficient  protein, 
fat,  and  carbohydrates  are  contained  in  the  food  given  her,  the  cow 
supplies  this  deficiency  for  a time  by  drawing  on  her  own  body,  and 
gradually  begins  to  shrink  in  quantity  or  quality  of  milk,  or  both. 
The  stingy  feeder  cheats  himself  as  well  as  the  cow.  She  may  suffer 
from  hunger  although  her  belly  is  full  of  swale  ha}^,  but  she  also 
becomes  poor  and  does  not  yield  the  milk  and  butter  she  should. 
Her  milk  glands  are  a wonderful  machine,  but  they  can  not  make  milk 
casein  (curd)  out  of  the  constituents  in  coarse,  unappetizing,  indigesti- 
ble swale  hay  or  sawdust  any  more  than  the  farmer  himself  can  make 
butter  from  skim  milk.  She  must  not  only  have  a generous  supply 
of  good  food,  but  it  must  contain  sufficient  amounts  of  the  nutrients 
needed  for  making  milk.  Until  this  fact  is  understood  and  appreciated, 
successful,  profitable  dairying  is  out  of  the  question. 

Many  forcible  illustrations  of  its  truthfulness  have  been  furnished 
by  the  agricultural  experiment  stations. 

RESULTS  OF  CARE  AND  FEEDING. 

For  example,  at  the  Kansas  Experiment  Station  a herd  of  20  com- 
mon scrub  cows,  which  ‘‘were  below  the  average  cows  of  the  State,” 
were  tested  to  see  what  could  be  made  of  them  by  proper  feeding  and 
handling.  The  average  annual  yield  of  milk  per  cow  under  such 
conditions  was  5,707  pounds,  the  poorest  cow  giving  3,583  pounds; 
and  the  average  yield  of  butter  fat  was  238  pounds,  the  poorest  cow 
giving  135.7  pounds.  The  value  of  the  butter  fat  averaged  $37.75  per 
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cow.  To  compare  this  with  the  conditions  in  the  State,  the  records 
were  collected  of  82  herds  in  one  of  the  leading  dairy  sections.  The 
average  annual  yield  was  found  to  be  3,441  pounds  of  milk  per  cow, 
and  104.5  pounds  of  butter  fat,  the  value  of  which  was  ^19.79. 

We  attribute  the  greater  yield  secured  from  the  college  scrub  herd  to  three  causes: 
First,  at  all  times  their  rations  were  either  balanced  or  contained  an  excess  of  pro- 
tein— the  material  which  builds  blood  and  milk — while  the  Kansas  cow  usually, 
when  on  dry  feed,  has  only  half  enough  protein.  Second,  kindness  and  shelter.  Our 
scrub  cows  were  petted,  comfortably  sheltered,  never  driven  faster  than  a slow  walk, 
and  never  spoken  to  in  an  unkind  tone.  Third,  a full  milk  yield  was  secured 
through  the  summer  drought  by  giving  extra  feed. 

Prof.  T.  L.  Haecker,  of  the  Minnesota  Experiment  Station,  made 
the  statement  a few  years  ago  that  ‘‘the  average  cow  in  Minnesota  is 
returning  in  dairy  products  a sum  barely  equal  to  the  market  price  of 
the  feed,  simply  because  of  a lack  of  understanding  of  how  to  feed.” 
The  average  gross  return  for  all  the  common  cows  at  the  Minnesota 
station,  which  “are  no  better  than  the  average  cow  of  Minnesota,” 
was  valued  at  $44.53  per  cow.  The  average  gross  return  to  farmers 
of  the  State,  as  shown  by  the  creamery  returns,  was  only  about  $22 
per  cow.  This  deficiency  of  $22.53  in  the  returns  from  the  common 
cows  of  the  State,  Professor  Haecker  believes  it  is  fair  to  conclude,  is 
“wholly  due  to  lack  of  knowledge  of  proper  feeding  and  care.” 

The  cow  must  be  regarded  as  a sort  of  living  machine.  She  takes 
the  raw  materials  given  her  in  the  form  of  food  and  works  them  over 
into  milk.  If  the  supply  of  proper  materials  is  small,  the  output  will 
be  small.  The  cow  that  will  not  repay  generous  feeding  should  be 
disposed  of  and  one  bought  that  will.  There  are,  of  course,  certain 
inbred  characteristics  or  natural  qualities  which  even  liberal  feeding 
can  not  overcome. 

FEEDING  STANDARDS  FOR  DIFFERENT  KINDS  OF  ANIMALS. 

Attempts  have  been  made  to  ascertain  the  food  requirements  of 
various  kinds  of  farm  animals  under  different  conditions.  Large  num- 
bers of  feeding’  experiments  have  been  made  under  var3'ing  conditions 
with  this  end  in  view.  From  the  results  feeding  standards  have  been 
worked  out  which  show  the  amounts  of  digestible  protein,  fat,  and 
carbohjMrates  supposed  to  be  best  adapted  to  different  animals  -when 
kept  for  different  purposes. 

These  so-called  phj^siological  standards  refer  primarily  to  the  nutri- 
ents required  for  maximum  production,  but  do  not  take  into  account 
the  element  of  cost.  Since  certain  of  the  nutrients  can  replace  one 
another,  it  often  transpires  that  the  physiological  standard  does  not 
correspond  with  the  standard  for  most  economical  production  in  a given 
locality.  This  applies  more  especially  to  the  protein,  which  is  the 
most  expensive  nutrient,  but  as  a matter  of  fact  it  has  often  been  found 
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in  practical  experience  that  production  has  been  increased  and  cheap- 
ened by  making  the  rations  conform  more  nearly  to  those  suggested 
by  the  physiological  standard. 

GERMAN  STANDARDS. 

The  feeding  standards  prepared  b}^  Wolff,  a German  investigator  in 
animal  nutrition,  have  been  the  most  widely  Msed  of  any.  These  were 
based  largely  on  the  weight  of  the  animal,  although  an  attempt  was 
made  to  make  allowance  for  the  age  of  the  animal  and  for  the  kind  of 
work  performed.  Of  late,  however,  there  has  been  a quite  general 
belief  that  the  standards  should  take  more  account  of  the  amount  or 
character  of  production.  In  the  case  of  milch  cows,  for  example,  it 
is  thought  that  the  standard  should  be  adapted  to  the  amount  of  milk 
produced,  making  the  live  weight  a matter  of  secondary  consideration. 
The  most  important  use  of  protein  in  feeding  cows  is  in  the  formation 
of  milk.  Hence  a cow  producing  20  quarts  of  milk  a day  will  require 
considerably  more  protein  to  elaborate  this  milk  than  one  giving  only 
8 quarts;  and  as  the  milk  production  of  cows  bears  no  particular  rela- 
tion to  the  live  weight,  a hundred  pounds  in  weight  more  or  less  need 
make  very  little  difference  in  the  ration.  The  use  of  rations  varying 
in  accordance  with  the  milk  production  is  comparatively  simple,  as  it 
only  requires  that  the  weight  of  milk  given  by  different  cows  shall  be 
known.  Wolff’s  standards  have  recently  been  modified  by  Prof.  F. 
Lehmann,  as  the  result  of  additional  experiments  and  practical  expe- 
rience, and  also  in  the  attempt  to  adapt  them  more  closely  to  the  prac- 
tical needs  of  the  animal.  These  standards  are  as  follows: 

Viol ff- Lehmann  feeding  standards. 


[Showing  amounts  of  nutrients  per  1,000  pounds  live  Aveight  for  a day’s  feeding.] 


Total 

Digestible  nutrients. 

1 Fuel 
A'alue. 

Animal. 

dry 

matter. 

Protein. 

Carbohy- 

drates. 

Fat. 

Oxen: 

Pounds. 

Pounds. 

Pounds. 

Pound. s. 

Calories. 

At  rest  in  stall 

18 

0.7 

8.0 

0.1 

16, 600 

At  light  work 

22 

1.4 

10.0 

0.3 

2-2,500 

At  medium  work 

25 

2.0 

11.5 

0.5 

27,200 

At  heavy  work 

28 

2.8 

13.0 

0.8 

32,  755 

Fattening  cattle: 

First  period 

30 

2.5 

15.0 

0.5 

34,650 

Second  period 

30 

3.0 

14.5 

0.7 

35,500 

Third  period 

26 

2.7 

15.0 

0.7 

35, 900 

Milch  coAvs: 

Giving  11  pounds  milk  a day 

25 

1.6 

10.0 

0.3 

22,860 

Giving  IG^  pounds  milk  a day 

27 

2.0 

11.0 

0.4 

! 25,850 

Giving  22  pounds  milk  a dav 

29 

2.5 

13.0 

0.5 

i 30,950 

Giving  27^  pounds  milk  a day 

32 

3.3 

13.0 

0.8 

33, 700 

Sheep: 

Coarse  avooI 

20 

1.2 

10.5 

0.2 

22,600 

Fine  wool 

23 

1.6 

12.0 

0.3 

26,400 

Breeding  CAves,  Avith  lambs 

25 

2.9 

15.0 

0.5 

35,  400 

Fattening  sheep: 

Finst  period 

30 

3.0 

15.0 

0.5 

35, 600 

Second  period 

28 

3.6 

14.5 

0.6 

36,000 

Horses: 

Light  AA’ork 

20 

1. 5 

9.5 

0.4 

22, 150 

Medium  Avork 

24 

2.0 

11.0 

0.6 

26,700 

Heavy  work 

26 

2.5 

13.3 

0.8 

32,750 

Brood  soAVS 

22 

2.5 

15.6 

0.4 

35, 170 

22 
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Wolff- Lehmann  feeding  standards — Continued. 


[Showing  amounts  of  nutrients  per  1,000  pounds  live  weight  for  a day’s  feeding.] 


Total 

Digestible  nutrients. 

Fuel 

value. 

Animal. 

dry 

matter. 

Protein. 

Carbohy- 

drates. 

Fat. 

Fattening  swine: 

Potmds. 

Pounds. 

Pounds. 

Pounds. 

Calories. 

First  period 

36 

4.5 

25.0 

0.7 

57,800 

Second  period 

32 

4.0 

24.0 

0.6 

64, 200 

Third  period 

Growing  cattle: 

Dairy  breeds — 

2 to  3 months  old,  weighing  about  150 

25 

2.7 

18.0 

0.4 

40,200 

pounds 

3 to  6 months  old,  weighing  about  300 

23 

4.0 

13.0 

2.0 

40, 050 

pounds 

6 to  12  months  old,  weighing  about  500 

24 

3.0 

12.8 

1.0 

33, 600 

pounds 

12  to  18  months  old,  weighing  about  700 

27 

2.0 

12.5 

0.5 

29, 100 

pounds 

18  to  24  months  old,  weighing  about  900 

26 

1.8 

12.5 

0.4 

28, 300 

pounds 

Beef  breeds — 

2 to  3 months  old,  weighing  about  160 

26 

1.5 

12.0 

0.3 

26, 350 

pounds 

3 to  6 months  old,  weighing  about  330 

23 

4.2 

13.0 

2.0 

40, 450 

pounds 

6 to  12  months  old,  weighing  about  650 

24 

3.5 

12.8 

1.5 

36, 650 

pounds 

12  to  18  months  old,  weighing  about  750 

25 

2.5 

13.2 

0.7 

32, 150 

pounds 

18  to  24  months  old,  weighing  about  950 

24 

2.0 

12.5 

0.5 

29, 100 

pounds 

Growing  sheep: 

Wool  breeds — 

4 to  6 months  old,  weighing  about  60 

24 

1.8 

12.0 

0.4 

27, 350 

pounds 

6 to  8 months  old,  weighing  about  75 

25 

J.4 

16.4 

0.7 

37, 900 

pounds 

8 to  11  months  old,  weighing  about  80 

25 

2.8 

13.8 

0.6 

33,400 

pounds 

11  to  15  months  old,  weighing  about  90 

23 

2.1 

11.5 

0.5 

27, 400 

pounds 

15  to  20  months  old,  weighing  about  100 

22 

1.8 

11.2 

0.4 

25,850 

pounds 

Mutton  breeds — 

4 to  6 months  old,  weighing  about  60 

22 

1.5 

10.8 

0.3 

24, 150 

pounds 

6 to  8 months  old,  weighing  about  80 

26 

4.4 

15.5 

0.9 

40, 800 

pounds 

8 to  11  months  old,  weighing  about  100 

26 

3.5 

15.0 

0.7 

37, 350 

pounds 

11  to  15  months  old,  weighing  about  120 

24 

3.0 

14.3 

0.5 

34, 300 

pounds 

15  to  20  months  old,  weighing  about  150 

23 

2.2 

12.6 

0.5 

29, 660 

pounds 

Growing  swine: 

Breeding  stock — 

2 to  3 months  old,  weighing  about  50 

22 

2.0 

12.0 

0.4 

27,750 

pounds 

3 to  5 months  old,  weighing  about  100 

44 

7.6 

28.0 

1.0 

70,450 

pounds 

5 to  6 months  old,  weighing  about  120 

35 

5.0 

23.1 

0.8 

55,650 

pounds 

6 to  8 months  old,  weighing  about  200 

32 

3.7 

21.3 

0.4 

48, 190 

pounds 

8 to  12  months  old,  weighing  about  250 

28 

2.8 

18.7 

0.3 

41,250 

pounds 

Growing  fattening  swine: 

25 

2.1 

15.3 

0.2 

33,200 

2 to  3 months  old,  weighing  about  60  pounds. . . 

44 

7.6 

28.0 

1.0 

70, 450 

3 to  5 months  old,  weighing  about  100  pounds. . 

35 

5.0 

23.1 

0.8 

55,650 

5 to  6 months  old,  weighing  about  150  pounds. . 

33 

4.3 

22.3 

0.6 

52, 000 

6 to  8 months  old,  Aveighing  about  200  pounds. . 

30 

3.6 

20.5 

0.4 

46, 500 

9 to  12  months  old,  Aveighing  about  275  pounds. 

26 

3.0 

18.3 

0.3 

40, 900 

For  an  un worked  ox  of  1,000  pounds  the  standard  calls  for  0.7  pound 
of  digestible  protein,  8 pounds  of  digestible  carbohydrates,  and  0.1 
pound  of  digestible  fat,  which  v/ould  furnish  16,600  calorics  of  heat 
and  energy.  When  heavily  worked  the  same  ox  would  require,  accord- 
ing to  the  standard,  food  with  four  times  as  much  protein  and  of 
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nearly  twice  the  fuel  value.  A cow  giving  25  pounds  of  milk  would 
require  as  much  protein  and  about  as  much  carbohydrates  and  fat  as 
the  heavily  worked  ox.  A ration  furnishing  the  protein,  fat,  and 
carbohydrates  in  the  right  proportion  is  said  to  be  a “balanced ” ration. 
If  it  contains  too  much  carbohj^drates  and  too  little  protein  it  is  not 
well  balanced. 

In  addition  to  furnishing  the  requisite  amounts  of  nutrients  the  food 
must  have  a certain  bulk.  The  required  bulk  is  secured  by  feeding 
a certain  amount  of  coarse  fodder,  which  aids  digestion  and  helps  to 
keep  the  animal  satisfied  and  healthy.  The  measure  of  the  bulk  or 
total  solid  matter  is  the  weight  of  dry  matter  in  the  ration.  The  dry 
matter  is  the  solid  or  water-free  portion  of  the  food.  More  latitude 
is  allowable  in  this  than  in  the  case  of  any  single  nutrient. 

VALUE  OF  FEEDING  STANDAEDS. 

It  should  be  borne  in  mind  that  feeding  standards  are  simply  a 
concise  and  approximate  statement  of  the  amounts  of  the  different 
nutrients  required  by  animals,  as  indicated  by  the  results  of  experi- 
ments and  observation.  They  are  not  to  be  regarded  as  infallible  or 
as  absolute  formulas  which  can  be  followed  blindly  without  regard  to 
the  conditions.  They  are  intended  to  apply  to  the  average  conditions. 
No  single  standard  can  be  laid  down  for  all  conditions.  Good  judg- 
ment and  intelligent  observation  on  the  part  of  the  feeder  are  necessary 
in  the  application  of  feeding  standards,  as  the  calculation  of  econom- 
ical rations  is  not  merel}^  a matter  of  applied  mathematics.  The  local 
conditions  as  regards  the  feeding  stuffs  which  can  be  grown  and  pur- 
chased economically,  and  the  value  of  the  products,  will  have  much  to 
do  in  determining  how  closely  the  feeder  can  afford  to  adhere  to  the 
standard.  But  such  standards  or  formulas,  used  in  connection  with 
the  feeder’s  observation  of  his  animals  and  the  markets,  are  very 
useful,  and  have  served  a good  purpose  in  improving  the  practice  of 
feeding.  It  is  in  their  abuse  that  the  chief  danger  lies. 

CALCULATION  OF  EATIONS. 

The  calculation  of  rations  with  the  aid  of  the  feeding  standards  and 
tables  given  above  will  prove  both  interesting  and  profitable,  for  it 
will  throw  much  light  on  the  proper  combinations  of  food  for  different 
purposes.  At  the  same  time  it  promotes  a spirit  of  inquiry  and  close 
observation  on  the  part  of  the  farmer,  which  is  one  of  the  first  requi- 
sites of  a successful  feeder.  The  standard  for  a cow  of  1,000  pounds 
weight,  and  giving  164  pounds  (about  8 quarts)  of  milk  per  day,  calls 
for  2 pounds  of  protein,  11  pounds  of  carbohydrates,  and  0.4  pdlund  of 
fat,  which  would  furnish  25,850  calories  of  heat.  A ration  can  be  made 
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up  furnishing  approximately  these  amounts  of  protein,  fat,  and  car- 
bohydrates, but  as  the  carbohydrates  and  fat  serve  practically  the 
same  purpose  in  nutrition,  an  excess  of  one  may  make  up  for  a slight 
deficiency  of  the  other. 

ilATIOH  FOR  A DAIRY  CO-ytT. 

Let  us  calculate  the  daily  ration  for  a cow  giving  about  8 quarts  of 
milk  a day,  assuming  that  the  farmer  has  on  band  clover  hay,  corn 
fodder,  corn  meal,  and  wheat  bran.  From  the  table  showing  the 
amounts  of  digestible  nutrients  (p.  8)  we  find  that  100  pounds  of 
clover  hay  furnishes  7.38  pounds  of  protein,  38.15  pounds  of  carbohy- 
drates, and  1.81  pounds  of  fat,  equivalent  to  a fuel  value  of  92,321  cal- 
ories. Ten  pounds  would  have  0.74  pound  of  protein,  3.81  pounds  of 
carbohydrates,  and  0.18  pound  of  fat,  giving  a fuel  value  of  9,232  cal- 
ories. In  the  same  way  the  amounts  furnished  by  10  pounds  of  dry 
corn  fodder,  3 pounds  of  corn  meal,  and  3 pounds  of  wheat  bran  are 
found.  The  result  would  be  the  following  amounts: 


Method  of  calculating  ration  for  dairy  cow. 


Ration. 

Digesti- 
ble pro- 
tein. 

Digesti- 
ble carbo- 
hydrates. 

Digesti- 
ble fat. 

Fuel 

value. 

10  pounds  clover  hay 

Pounds. 
0. 74 
.23 
.19 
.36 

Pounds. 
3. 81 

3.23 
1.96 

1.23 

Pound. 

0. 18 
.11 
.10 
,08 

Calories. 
9, 232 
6,936 
4, 434 
3, 334 

10  pounds  com  fodder 

3 pounds  corn  meal 

3 pounds  wheat  bran 

Total 

1.52 

2.00 

10.23 

11.00 

.47 

.40 

23,936 

25,860 

Standard  for  cow  giving  8 quarts  of  milk  a day 

This  ration  is  below  the  standard,  especially  in  protein.  To  furnish 
the  protein  needed  without  increasing  the  other  nutrients  too  much,  a 
feeding  stuff  quite  rich  in  protein  is  needed.  The  addition  of  2 pounds 
of  Buffalo  gluten  meal  would  make  the  ration  contain: 


Comjyleled  ration  for  dairy  cow. 


Ration. 

Digesti- 
ble pro- 
tein. 

Digesti- 
ble carbo- 
hydrates. 

Digesti- 
ble fat. 

Fuel 

value. 

10  pounds  clover  hay,  10  pounds  corn  fodder,  3 pounds  corn 
meal,  and  3 pounds  wheat  bran 

Pounds. 

1.52 

.43 

Pounds. 

10,23 

.86 

Pound. 

0.47 

.23 

Calories. 
23, 936 
3,404 

2 pounds  Buffalo  gluten  meal 

Total 

! 1. 95 

11.09 

.70 

27, 340 

This  gives  nearly  the  amounts  of  the  several  nutrients  called  for  by 
the  standard,  although  it  contains  a little  more  fat,  the  effect  of  which 
is  shown  in  increasing  the  fuel  value  above  tlie  standard  slightly. 
The  ration  conforms  sufficiently  close  to  the  standard,  however,  and  as 
near  as  will  often  be  practicable.  Although  a calculation  of  the  dry 
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matter  would  show  it  to  be  somewhat  below  the  standard,  the  bulk  of 
material  furnished  is  ample,  and  there  would  be  no  advantage  in  increas- 
ing it  by  feeding  some  very  coarse  material,  like  straw  or  swale  hay, 
in  place  of  a part  of  the  corn  fodder  or  ha3^ 

Since  the  prime  objects  of  food  are  to  repair  the  waste  of  the  body 
(or  promote  growth)  and  produce  heat  and  energ}^,  the  calculation  may 
be  considerably  simplified  by  considering  only  the  protein  and  the 
fuel  value,  without  impairing  accuracy.  For  example,  suppose  it  is 
desired  to  calculate  a ration  for  cows  giving  about  22  pounds  (11 
quarts)  of  milk  a day,  the  supply  of  feeds  being  timothy  hay,  corn 
silage,  corn,  bran,  and  Chicago  gluten  meal: 


Simplified  calculation  of  rations  for  cows. 


Rations. 

Protein. 

Fuel 

value. 

8 pounds  rowen  hay 

Pounc’s. 
0. 58 

Calories. 
7,683 
9,913 
4,434 
4,445 
4, 677 

30  pounds  silage 

.36 

3 pounds  corn  meal 

.19 

4 pounds  bran 

.48 

3 pounds  Chicago  gluten  meal I 

.99 

Total 

2. 60 

31,152 
30, 950 

standard  ration 

2. 50 

This  is  slightly  in  excess  of  the  standard,  but  the  proportion  is  right, 
so  that  a little  less  of  the  ration  might  be  fed  and  still  meet  its  require- 
ments. However,  as  mentioned  above,  such  calculations  are  not 
mathematically  accurate,  owing  to  variations  in  the  composition  and 
digestibility  of  feeding  stuffs  at  different  times,  nor  are  the  so-termed 
standards  exact,  but  merely  approximate  statements  of  the  general 
requirements  of  animals.  It  is  useless  to  attempt,  therefore,  to  calcu- 
late the  rations  to  hundredths  of  a per  cent.  The  most  that  can  be 
safely  done  is  to  compound  a well-balanced  ration,  and  then  by  closely 
watching  the  cows  add  to  or  reduce  it,  as  seems  to  suit  the  case  of  the 
individual  animals,  or  groups  of  animals,  as  indicated  by  their  produc- 
tion and  their  general  condition.  It  is  granted,  of  course,  that  no 
feeding  formulas  can  take  the  place  of  the  good  judgment  of  the 
feeder.  The}^  are  merely  aids  in  that  direction. 

Adjustment  of  ration  to  milk  yield. — In  making  allowance  for  the  dif- 
ference in  milk  yield  of  different  cows,  a uniform  basal  ration  can  be 
fed  to  all  the  cows,  and  the  amount  of  the  richer  grain  mixture  varied 
to  suit  the  demands.  For  example,  a basal  ration  might  be  made  up 
of  25  pounds  of  corn  silage,  8 pounds  of  rowen  hay,  and  3 pounds 
each  of  corn  meal  and  wheat  bran,  which  would  supply  1.43  pounds  of 
protein  and  a fuel  value  of  23,112  calories.  To  this  could  be  added  a 
richer  grain  mixture  composed  of  two  parts  of  gluten  meal  and  one 
part  of  cotton-seed  meal,  the  amount  of  this  being  varied  according  to 
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the  milk  yield  of  the  cow.  Two  pounds  of  this  mixture  would  bring 
the  ration  up  to  1.97  pounds  of  protein  and  26,999  calories,  which 
would  meet  the  requirements  of  cows  giving  12  to  15  pounds  of  milk 
a day,  while  4 pounds  would  bring  it  up  to  2.50  pounds  of  protein  and 
30,286  calories  of  heat,  suitable  for  the  cows  giving  20  to  25  pounds  of 
milk,  and  so  on,  5 or  6 pounds  of  the  grain  mixture  being  fed  to  the 
heavier  milkers. 

RATION  FOR  STEERS. 

A ration  composed  of  10  pounds  of  shelled  corn,  5 pounds  of  wheat 
bran,  2 pounds  of  linseed  meal  (new  process),  and  10  pounds  of  corn 
fodder  per  steer  would  furnish  the  following  amounts  of  protein  and 
energy: 

Calculated  ration  for  steers. 


Ration. 

Protein. 

Fuel 

value. 

10  pounds  shelled  corn 

Pounds. 
0. 71 
.60 
.61 
.23 

Calories. 
15,722 
5,557 
2, 823 
6,936 

5 pounds  bran 

2 pounds  linseed  meal 

10  pounds  corn  fodder 

Total 

2. 15 

31,038 

This  would  correspond  approximately  to  the  requirements  of  year- 
ling steers.  The  exclusive  feeding  of  shelled  corn,  as  is  often  prac- 
ticed in  the  middle  West,  gives  a poorly  balanced  ration,  as  it  is  not 
possible  to  compound  a ration  of  corn  and  corn  fodder  or  common  hay 
which  will  not  contain  a disproportionate  amount  of  fat  and  carbohy- 
drate constituents.  Admixtures  of  other  grains  or  by-products  give 
better  balanced  rations,  and  such  rations  have  usually  been  found  more 
profitable.  Local  conditions,  however,  and  the  practice  of  following 
steers  with  hogs  may  alter  this. 

COTTON-SEED  MEAL  AND  HULLS, 

A common  practice  in  fattening  steers  in  the  South  is  to  feed  15  to 
24  pounds  of  cotton-seed  hulls  and  6 to  8 pounds  of  cotton-seed  meal. 
The  nutrients  contained  in  such  mixtures  are  compared  with  the  stand- 
ard in  the  following  table: 


Rations  fed  to  steers  in  the  South. 


Ration. 

Dry  mat- 
ter. 

Digesti- 
ble pro- 
tein. 

Digesti- 
ble carbo- 
hydrates. 

Digesti- 
ble fat. 

Fuel 

value. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Calories. 

20  pounds  hulls  and  6 pounds  cotton-seed  meal 

23. 29 

2.43 

7. 13 

1.13 

23, 108 

20  pounds  hulls  and  8 pounds  cotton-seed  meal 

25. 12 

3.17 

7.76 

1.38 

26, 153 

24  pounds  hulls  and  6 pounds  cotton-seed  meal 

26.81 

2.47 

8.  72 

1.21 

25, 920 

24  pounds  hulls  and  8 pounds  cotton-seed  meal 

Wolff- Lehmann  standard: 

28. 68 

3.21 

9. 05 

1.46 

28, 965 

First  period 

30 

2.5 

15.0 

.5 

34, 650 

Second  period 

30 

3.0 

14.5 

.7 

35,  500 

Third  period 

26 

2.7 

15.0 

.7 

35, 900 

7898°— Bull.  22—13 3 
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The  trouble  with  these  rations  is  that  they  are  not  well  balanced,  i,  e., 
they  contain  too  much  protein  in  proportion  to  the  carbohydrates  and 
fat.  The  hulls  give  bulk  to  the  ration  but  do  not  furnish  as  much  car- 
bohj^drates  and  fat  as  is  required  of  a coarse  fodder  when  fed  with  so 
rich  a feed  as  cotton-seed  meal.  The  mtions  could  be  improved  by 
substituting  2 pounds  of  corn  meal  in  place  of  an  equal  amount  of 
cotton-seed  meal,  or  bv  substituting  silage  for  a part  of  the  hulls. 
The  composition  would  then  be: 

Rollons  for  steers  in  the  South. 


Ration. 

Dry  mat- 
ter. 

Digesti- 

ble 

protein. 

Fuel 

value. 

Pounds. 

Pounds. 

Calories. 

20  pounds  hulls,  6 pounds  cotton-seed  meal,  and  2 pounds  corn  meal 

24. 99 

2.56 

26,064 

24  pounds  hulls,  6 pounds  cotton-seed  meal,  and  2 pounds  corn  meal 

15  pounds  hulls,  15  pounds  silage,  6 pounds  cotton-seed  meal,  and  2 

28. 54 

2.  GO 

28, 876 

pounds  corn  meal 

15  pounds  hulls,  20  pounds  silage,  -6  pounds  cotton-seed  meal,  and  2 

24. 38 

2.68 

27, 548 

pounds  corn  meal 

25.  G6 

2.  75 

29, 200 

The  addition  of  2 pounds  more  of  corn  meal  to  these  rations  would 
make  them  better  balanced.  Whether  or  not  the  use  of  corn  meal  will 
prove  profitable  will  depend  largel}^  upon  the  relative  prices  of  cotton- 
seed meal,  hulls,  and  corn. 

RATION  FOE.  PIGS. 

As  a result  of  experiments  which  have  been  in  progress  for  several 
years  at  the  Massachusetts  State  Station,  the  station  recommends  the 
following  proportions  of  skim  milk  and  corn  meal,  according  to  the 
weight  of  the  pig: 

Pigs  weighing  20  to  70  pounds,  2 ounces  of  corn  meal  per  quart  of  skim  milk. 

Pigs  weighing  70  to  l’30  pounds,  4 ounces  of  corn  meal  i>er  quart  of  skim  milk. 

Pigs  weighing  130  to  200  i)Ounds,  6 ounces  of  corn  meal  per  quart  of  skim  milk. 

The  pigs  are  fed  all  they  will  eat  up  clean.  A ration  of  .5  quarts  of 
skim  milk  and  20  ounces  of  corn  meal  for  a pig  in  the  first  period,  up 
to  70  pounds  weight,  would  furnish  approximately: 


Nutrients  in  ration  for  young  ings. 


Ration. 

Dry  mat- 
ter. 

Digestible 

protein. 

Digestible 

carbo- 

hydrates. 

Digestible 

fat. 

j Fuel 

1 value. 

Pounds. 

Pound. 

Pounds. 

Pounds. 

Calories. 

10  pounds  of  skim  milk 

0. 94 

0. 30 

0.51 

0. 03 

1,635 

li  pounds  of  corn  meal 

1. 06 

.08 

,82 

.04 

1, 847 

Total 

2. 00 

.38 

1.33 

.07  ' 

3,  482 

Standard  for  pig  weighing  50  ix>unds 

2. 20 

.38 

1.40 

.05  j 

3, 522 

Buttermilk  might  be  used  in  place  of  skim  milk,  but  pound  for  ]^x>und 
it  has  not  usually  given  quite  as  good  results  as  skim  milk. 
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WEIGHT  OF  OHE  UTTAET  OF  FEEDING  STUFFS. 

In  calculating  rations  it  is  necessary  to  use  weights  rather  than 
measures,  as  the  analyses  and  tables  are  made  on  the  basis  of  weight. 
As  the  farmer  measures  the  grain  given  it  will  be  necessary  to  ascer- 
tain the  relation  between  the  amount  to  be  given  and  its  measure. 
For  this  purpose  the  following  table,  showing  the  weight  per  quart  of 
a number  of  feeding  stuffs,  may  be  helpful; 


Weight  of  feeding  stuffs  per  quari. 


Feeding  stuff. 

Pound. 

Ounces. 

Corn,  cracked 

1 

12 

Corn  meal 

1 

8 

Corn-and-cob  meal 

1 

6 

0;i ts  whole  - - 

1 

Oats,  ground 

12 

Wheat,  whole 

1 

14 

Wheat  bran 

10 

Wheat  bran,  coarse 

8 

Wheat  middlings 

1 

2 

Wheat  middlings,  coarse 

13 

Rye  bran 

10 

Gluten  meal 

1 

11 

Gluten  feed 

1 

3 

Linseed  meal 

1 

2 

Cotton-seed  meal 

1 

8 

Some  of  these  materials,  especially  by-products  like  wheat  bran, 
vary  considerably  in  weight,  and  the  above  hgures  can  not  be  regarded 
as  strictly  accurate  for  all  cases.  Weighing  is,  of  course,  always  the 
safer  way  where  it  is  desired  to  feed  quite  definite  amounts. 

SELECTION  OF  FEEDING  STUFFS. 

In  selecting  feeding  stuffs  for  his  stock  the  farmer  will  naturally  be 
governed  by  the  conditions  of  the  market.  The  cost  of  feeding  stuffs 
is  controlled  by  other  factors  than  the  actual  amounts  of  food  materials 
which  they  contain;  indeed,  there  often  appears  to  be  very  little  con- 
nection between  the  two.  Bearing  in  mind  that  the  protein  is  the 
most  expensive  ingredient,  and  the  one  especially  sought  in  concen- 
trated feeds,  the  farmer  can  make  his  selection  with  the  aid  of  the 
tables  showing  the  digestible  materials  in  100  pounds.  These  will 
show  him  whether  wheat  at  50  cents  per  bushel  is  a cheaper  feed  than 
corn  at  60  cents,  and  how  gluten  meal  at  $23  per  ton  compares  with 
linseed  meal  at  $27.  In  these  comparisons  onlj"  the  pu’otein  and  fuel 
value  need  necessarily  be  considered.  Of  course  the  special  adapta- 
bility of  some  materials  to  different  kinds  of  animals  and  different 
purposes  will  be  taken  into  account. 

MANURIAL  VALUE. 

But  another  important  consideration  where  fertilizers  or  manures 
have  to  be  relied  upon  is  the  manurial  value  of  a feeding  stuff’.  This 
is  shown  by  the  nitrogen  in  the  protein  and  the  phosphoric  acid  and 
potash  in  the  ash.  Feeding  stuffs  differ  widely  in  this  respect,  wheat 
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bran  and  cotton-seed  meal  having  a high  manurial  value,  while  that 
of  corn  meal  is  relatively  low.  The  value  of  the  manure  is  largely 
determined  by  the  character  of  the  food  given.  If  the  manure  is  care- 
fully preserved  a large  proportion  of  the  fertilizing  constituents  of 
the  feed  is  recovered  in  the  manure,  and  goes  to  enrich  the  land.  This 
matter  has  been  treated  in  a separate  bulletin  on  barnyard  manure.^ 

It  will  be  seen  by  referring  to  the  table  of  feeding  stuffs  given  above 
that  hay  from  the  leguminous  crops — clover,  lupines,  alfalfa,  cowpea, 
etc. — contains  about  twice  the  quantity  of  digestible  protein  that  hay 
from  the  grasses  does.  As  a result  the  former  contains  much  more 
nitrogen  for  fertilizing  purposes,  and  is  also  somewhat  richer  in 
potash  than  grasses.  The  seeds  of  these  plants  (cowpea,  soy  bean, 
etc.)  are  exceedingly  rich  in  protein  and  can  take  the  place  of  expensive 
commercial  feeds.  By  growing  and  feeding  more  leguminous  crops 
the  amount  of  grain  required  is  diminished,  the  value  of  the  manure 
is  increased,  and  the  soil  is  enriched  in  fertility.  Further  than  this,  it 
has  been  demonstrated  within  the  last  few  years  that  leguminous  crops 
are  able  to  derive  the  larger  part  of  this  nitrogen  from  the  atmosphere 
during  their  growth,  requiring  little  manuring  with  nitrogenous 
manures.  They  therefore  enrich  the  soil,  the  ration,  and  the  manure 
in  nitrogen  which  they  derive  from  the  atmosphere  without  cost  to  the 
farmer,  besides  improving  the  mechanical  and  physical  condition  of 
the  soil.^ 

ORIGIH  OF  BY-PRODTJCTS  USED  AS  FEEDING  STUFFS. 

The  by-products  resulting  from  the  manufacture  of  flour,  glucose, 
starch,  fermented  liquors,  etc.,  are  extensively  used  for  feeding  pur- 
poses, and  include  many  of  the  richest  and  most  prized  feeding  stuffs. 
The  manner  in  which  these  materials  are  produced  will  be  briefly 
described. 

By-products  from  flouring  mills. — In  the  modern  processes  of  making 
flour  from  wheat  the  grain  is  subjected  to  successive  crushings  or  grind- 
ings. After  each  of  these,  the  j)roducts  are  separated  by  screening  an*d 
blowing  into  flour,  middlings,  and  bran.  The  bran  consists  of  the 
coarser  parts  of  the  husk,  which  are  unfit  for  further  grinding,  with  por- 
tions of  the  gluten  layer.  The  middlings  contain  small  particles  of 
bran  as  admixtures.  These  are  separated,  and  go  under  the  name  of 
shorts.  The  shorts  contain  less  fiber  and  ash  than  the  bran,  although 
they  are  of  similar  origin — the  outer  coats  of  the  grain.  After  clean- 
ing, the  middlings  are  graded  and  reground  to  flour. 

By-products  of  similar  nature  result  in  the  milling  of  rye,  buckwheat, 
rice,  etc. 

^ Farmers’  Bulletin  No.  21. 

^ See  also  Farmers’  Bulletin  No.  16,  Leguminous  Crops  for  Green  Manuring  and  for 
Feeding,  by  the  author  of  this  bulletin. 
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Hominy  chop,  meal,  and  feed  result  from  the  manufacture  of  hominy, 
and  contain  the  germ  and  coarser  portions  of  the  corn. 

By-products  from  glucose  and  starch  factories. — These  include  so-called 
gluten  meal,  glucose  meal,  cream  gluten,  gluten  flour,  gluten  feed,  glu- 
cose feed,  dried  sugar  feed  or  meal,  maize  feed,  dried  starch  feed,  and 
some  other  materials  of  similar  nature.  These  are  all  obtained  as 
by-products  in  the  manufacture  of  starch  and  glucose  from  the  starch 
of  corn.  The  process  followed  and  the  treatment  of  the  by-products 
differs  considerably  in  different  factories,  which  accounts  for  the  wide 
variations  in  their  composition. 

The  corn  is  soaked  until  it  is  swollen  and  soft,  and  is  passed  through 
the  mill  while  wet,  the  hulls  and  germs  of  the  corn  being  rubbed  off. 
In  some  cases  the  starch  is  separated  from  this  mass  by  means  of  run- 
ning water,  and  the  wet  residue  is  dried  and  sold  as  gluten  feed.  In 
other  cases  the  mass  after  grinding  is  bolted,  the  starch  and  gluten 
passing  through  while  the  husk  and  germ  remain  behind.  In  some  fac- 
tories the  latter  (husk  and  germ)  are  dried  and  sold  as  corn-germ  feed, 
corn-germ  meal,  etc.  In  others  the  material  is  treated  to  extract  the 
oil  from  the  germ  and  then  sold  under  the  name  of  maize  feed.  The 
material  which  passes  the  bolting  cloth  is  treated  to  separate  most  of 
the  starch,  and  the  residue  is  sold  as  gluten  meal,  cream  gluten,  etc. 
The  Chicago  gluten  meal,  it  is  said,  has  had  a part  of  the  fat  extracted 
from  it.  In  some  cases  the  gluten  meal  is  mixed  with  the  hulls  and 
germs  without  the  oil  being  extracted.  This  is  said  to  be  the  case  with 
Buffalo  gluten  feed. 

The  residues  from  these  factories  are  frequently  sold  in  their  wet 
condition,  containing  from  60  to  70  per  cent  of  water,  under  the  names 
wet  starch  feed,  sugar  feed,  glucose  feed,  etc.  These  wet  products 
must  be  used  at  once,  as  they  ferment.  The  dried  products  from  the 
same  factory  often  vary  considerably  in  composition  from  time  to  time. 
Owing  to  these  variations  and  the  fact  that  there  is  such  a variety  of 
names  for  these  products  that  it  is  difficult  to  make  any  helpful  classi- 
fication, the  farmer  can  only  be  certain  of  what  he  is  buying  when  he 
buys  on  a guarant}^  of  composition  or  from  lots  that  have  been  analyzed. 

By-products  from  oil  mills. — Of  these  the  most  common  in  this  coun- 
try are  the  cotton-seed  meal  and  linseed  meal.  The  oil  is  expressed 
from  the  hot  cotton  seed,  and  the  hard  cakes  remaining  are  called  oil 
cakes.  In  Europe  this  cake  is  often  sold  as  such  for  feeding.  In  this 
country  it  is  usually  ground  to  a meal. 

The  composition  of  cotton-seed  meal  depends  upon  the  composition 
of  the  seed  and  the  completeness  of  the  separation  of  the  hulls  and  the 
expression  of  the  oil.  The  composition  of  the  hulls  depends  considera- 
bly upon  the  thoroughness  with  which  the  kernel  and  lint  are  removed. 
Usually  more  or  less  of  the  kernel  adheres  to  the  hulls,  increasing  the 
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percentage  of  protein  and  fat.  Linseed  meal,  or  oil  meal,  as  it  is  often 
called,  is  the  residue  from  the  separation  of  oil  from  flax  seed,  and  is 
distinguished  as  old  process  and  new  process.  In  the  old  process  the 
oil  is  expressed.  In  the  new  process  it  is  more  thoroughly  removed 
with  the  aid  of  solvents,  hence  the  meal  contains  less  fat. 

By-products  from  breweries  and  distilleries. — In  making  malted  liquors 
from  grain  (usually  barley)  the  grain  is  malted  or  allowed  to  sprout, 
resulting  in  the  development  of  diastase,  which  converts  the  starch  of 
the  grain  into  sugar.  When  the  process  has  proceeded  far  enough  it  is 
checked  by  kiln-drying,  the  sprouts  being  removed  by  machinery  and 
sold  for  feed  under  the  name  of  malt  sprouts.  The  grain  (then  known 
as  malt)  is  treated  with  water  and  the  clear  wort  subsequently  drawn 
off  and  fermented.  The  residue  of  the  grain,  known  as  brewers’  grains, 
consists  of  the  hull,  germ,  gluten,  and  some  of  the  starch  of  the  grain. 
It  is  sometimes  sold  in  the  wet  condition  for  immediate  use,  but  when 
it  is  to  be  shipped  away  is  dried,  and  can  then  be  kept  indefinitely. 

In  making  distilled  liquors  from  corn,  rye,  or  other  grain,  the 
ground  grain  is  treated  with  a solution  of  malt  to  change  the  starch 
into  sugar,  which  is  then  fermented  with  yeast  and  distilled.  The 
residue,  or  distillery  slop,  is  sometimes  fed  as  such,  but,  like  wet 
brewers’  grains,  spoils  quickly.  It  is  filtered  and  dried,  and  yields  a 
rich  distillery  feed  or  distillers’  grains.  Distinction  is  made  betw^een 
the  grains  from  corn  and  from  rye,  those  from  corn  being  the  richer 
in  protein  and  fat.  Atlas  gluten  meal  and  feed.  Golden  Gluten,  and 
Grano  Gluten  are  all  distillery  products  and  do  not  properly  belong 
with  the  gluten  meals  and  feeds,  as  their  names  would  imply. 

SUGAR-BEET  PULP  AND  MOLASSES. 

The  establishment  of  beet-sugar  factories  in  this  country  has  led  to 
the  production  of  immense  quantities  of  sugar-beet  pulp  as  a waste 
material.  This  is  sometimes  called  “diffusion  residue,”  or  “beet 
chips.”  It  consists  of  the  residue  of  the  beet  after  the  extraction  of 
the  sugar  under  pressure  in  the  diffusion  batteries.  With  the  sugar 
more  or  less  of  the  other  soluble  constituents  are  taken  out,  and  hence 
the  residue  is  to  be  regarded  as  somewhat  inferior  to  the  beet  before 
extraction,  containing  more  of  the  fiber  and  gums  and  less  soluble 
constituents.  The  pulp  contains  about  90  per  cent  of  water  as  it 
comes  from  the  factory.  On  this  account  it  can  not  profitabl}^  be 
shipped  or  hauled  any  great  distance.  In  some  European  factories  it 
is  dried,  but  this  process  is  expensive  and  has  not  been  adopted  to  any 
extent  in  this  country.  The  fresh  pulp  can  frequently  be  drawn  home 
from  the  factory  at  the  time  the  beets  are  being  hauled.  Many  of  the 
factories  have  been  willing  to  give  it  awa}^  in  order  to  get  rid  of  it, 
while  others  which  have  a greater  demand  for  it  sell  it  for  50  cents  a 
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ton.  Still  other  factories  have  put  up  feeding  sheds  near  by,  where 
hundreds  of  steers  and  sheep  are  fed  largely  upon  the  pulp  with  the 
addition  of  a little  hay. 

Eesults  of  feeding  beet  pulp. — One  large  factory  in  Nebraska,  which 
has  a farm  of  12,000  acres  connected  with  it,  has  erected  barns  and 
sheds  to  accommodate  about  16,000  head  of  sheep.  During  the  season 
of  190Q  this  factory  fed.  32,000  head  of  sheep.  This  factory,  running 
at  its  full  capacity,  it  is  expected  would  furnish  feed  for  about  10,000 
head  of  steers  and  50,000  sheep.  The  manager  is  a firm  believer  in 
the  value  of  beet  pulp  as  a succulent  food.  He  states  that  he  ‘‘never 
saw  sheep  do  better,”  and  when  ready  for  the  market  they  were  well 
fattened,  thick-fleshed,  plump,  and  in  prime  condition.  The  meat 
was  juicy  and  of  excellent  quality. 

Prof.  Thomas  Shaw  expresses  his  belief  that  sugar-beet  pulp  can  be 
fed  more  advantageously  to  cattle  and  sheep  that  are  being  fattened 
than  to  dairy  cows.  The  New  York  Cornell  Experiment  Station,  how- 
ever, found  that  this  material  gave  good  results  with  milch  cows,  the 
dry  matter  (solids)  in  it  being  about  equal  in  value  to  that  in  corn 
silage.  German  experiments  with  beet  pulp  for  cows  have  also  given 
good  results,  the  flow  of  milk  being  maintained  in  a satisfactory  man- 
ner. Some  Danish  experiments  have  shown  that,  as  compared  with 
mangels,  the  butter  produced  on  sugar-beet  pulp  was  of  about  equal 
quality  and  kept  full}^  as  well.  Where  large  quantities  of  the  pulp 
were  fed  the  cream  required  to  be  churned  a few  minutes  longer. 

In  practice,  about  10  pounds  of  pulp  per  day  is  fed  to  sheep,  and  50 
to  T5  pounds  to  cattle.  The  amount  in  the  latter  case,  however,  is 
said  to  depend  on  the  cattle,  and  more  may  be  given,  up  to  100  pounds, 
if  they  will  eat  it.  The  pulp  is  believed  to  effect  a considerable  saving- 
in  the  amount  of  grain  required  for  fattening. 

Preservation  in  silos. — Sugar-beet  pulp  can  be  successfully  preserved 
in  silos  and  makes  a very  fair  quality  of  silage.  It  is  relished  by 
cattle,  even  the  slightly  spoiled  portions  not  being  distasteful  to  them. 
In  Europe  the  silos  consist  of  trenches  or  pits  dug  in  the  ground, 
but  the  ordinary  silo  used  in  making  corn  silage  will  undoubtedly 
preserve  the  material  with  less  loss. 

Benefits  of  feeding  pulp. — As  the  sugar-beet  crop  is  an  exhaustive 
one,  and  the  feltility  of  the  soil  can  be  maintained  by  feeding  the  pulp, 
it'  becomes  quite  an  important  matter  that  farmers  growing  sugar  beets 
should  combine  with  it  the  feeding  of  the  pulp  where  practicable. 
Prof.  W.  A.  Henry  states  as  his  belief  that  “a  farming  communit}^ 
which  will  intelligently  grow  beets  and  utilize  the  pulp  resulting  from 
them  in  the  feeding  of  cattle,  will  be  able  to  grow  as  large  crops  in 
addition  to  the  beets  as  were  produced  before  adding  that  industry, 
and  to  maintain  more  cattle  than  was  possible  before  beet  farming 
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was  inaugurated.  This  statement  is  warranted  by  the  conditions  pre- 
vailing in  the  beet  districts  of  Europe.  Beet  culture  means  more 
cattle  and  larger  crops  generally,  rather  than  less,  provided  always 
that  the  pulp  from  the  beets  is  properly  utilized.” 

SUGAR-BEET  MOEASSES. 

This  is  another  product  of  the  beet-sugar  manufacture,  which  accu- 
mulates in  large  quantities.  On  account  of  the  salts  which  it  con- 
tains, this  molasses  can  not  be  disposed  of  for  human  consumption. 
It  has  a bitter  taste  and  is  purging  in  its  effects.  In  Europe  it  has 
been  found  to  possess  considerable  value  for  feeding.  For  this  pur- 
pose it  has  been  mixed  with  peat,  dried  blood,  beet  pulp,  or  with  a 
mixture  of  feeding  stuffs,  such  as  bran  and  palm -nut  meal,  in  order 
that  it  might  be  more  conveniently  handled.  The  molasses  contains 
from  40  to  50  per  cent  of  sugar,  which  is  all  digestible,  and  it  is  upon 
this  constituent  that  its  feeding  value  almost  entirely  depends.  In 
European  experiments  no  deleterious  results  have  been  noticed  even 
when  4 or  5 pounds  of  molasses  per  day  was  fed.  It  has  given  good 
results  with  milch  cows  and  is  regarded  as  an  excellent  food  for  horses, 
being  readily  eaten.  Experiments  in  feeding  it  to  steers  at  the  Can- 
ada Experimental  Farms  were  favorable  to  its  use,  as  the  animals 
became  very  fond  of  it  and  it  stimulated  their  appetite. 

PEEPARATION  OF  FOOD  FOE  ANIMALS. 

One  point  upon  which  there  seems  to  be  much  misunderstanding  is  as 
to  the  influence  of  previous  treatment  of  the  food  on  its  digestibility. 
Thus,  for  example,  the  effect  of  drying  hay  is  not  to  lessen  its  digesti- 
bility, as  is  often  believed.  The  soluble  rqaterials  may  be  washed  out 
if  the  hay  is  rained  upon,  and  the  tender  parts  may  be  lost  in  harvesting, 
but  in  ordinary  haymaking  the  water  of  the  grass  is  largely  dried  out 
without  the  digestibility  of  the  constituents  being  materially  affected. 
Hay  stored  for  a long  time,  even  when  kept  dry  and  not  allowed  to 
heat,  appears  to  lose  a part  of  its  value  as  food. 

COOKING  AND  STEAMING  FOOD. 

There  has  been  considerable  misconception  as  to  the  value  of  cook- 
ing  or  steaming  food  for  stock.  Experiments  abroad  have  indicated 
that  cooking  or  steaming  coarse  or  unpalatable  food  was  advantageous, 
not  on  account  of  making  the  food  more  nutritious,  but  in  inducing  the 
animals  to  eat  larger  quantities  of  it.  In  fact  it  has  been  shown  for 
lupine  hay  and  some  other  materials  that  the  digestibility  of  certain 
of  the  food  ingredients,  notably  the  albuminoids,  was  diminished  by 
steaming;  and  the  cooking  of  potatoes,  which  was  formerly  believed 
advantageous,  has  been  shown  to  be  of  no  advantage  whatever  in  case 
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of  milch  cows,  although  it  was  of  some  advantage  to  pigs.  Julius 
Kiihn,  in  his  book  on  feeding,  says: 

Unless  large  amounts  of  straw  and  coarse  foods  are  to  be  fed  and  the  supply  of 
good  hay  and  hoed  crops  is  scarce,  it  will  usually  he  more  profitable  to  omit  the 
steaming.  If  the  reverse  condition  prevails,  steaming  will  be  found  a very  advan- 
tageous means  of  inducing  the  animals  to  eat  sufficiently  large  quantities  of  the 
food. 

Ladd,  while  connected  with  the  New  York  State  Station,  reported 
analyses  of  cooked  and  uncooked  clover  hay  and  corn  meal,  and  deter- 
minations of  the  digestibility  of  the  same.  These  showed  that  the 
percentage  of  albuminoids  and  fat  and  the  relative  digestibility  of 
the  albuminoids  were  more  or  less  diminished  by  cooking. 

Cooking  grain. — The  experiments  made  by  our  experiment  stations 
in  preparing  food  have  been  mostly  with  pigs.  At  least  thirteen  sep- 
arate series  of  experiments  in  different  parts  of  this  country  have  been 
reported  on  the  value  of  cooking  or  steaming  food  for  pigs.  In  these, 
cooked  or  steamed  barley  meal,  corn  meal,  and  shorts;  whole  corn; 
whole  corn  and  shorts;  peas,  corn  and  oatmeal;  potatoes,  and  a mix- 
ture of  peas,  barley,  and  rye  have  been  compared  with  the  same  foods 
uncooked  (and  usually  dry).  In  ten  of  these  trials  there  has  not  only 
been  no  gain  from  cooking,  but  there  has  been  a positive  loss,  i.  e., 
the  amount  of  food  required  to  produce  a pound  of  gain  was  larger 
when  the  food  was  cooked  than  when  it  was  fed  raw,  and  in  some 
cases  the  difference  has  been  considerable.  In  the  three  exceptional 
cases  there  was  either  no  gain  at  all  or  only  very  slight  gain  from 
cooking  or  steaming,  amounting  to  2 per  cent  in  one  case. 

Steaming  cotton  seed. — Experiments  in  feeding  steamed  cotton  seed 
to  cows  are  reported  by  the  Mississippi  Station.  The  station  concludes 
from  three  years’  work  that  “the  milk  and  butter  from  cows  fed  on 
steamed  cotton  seed  cost  less  than  that  from  cows  fed  on  raw  cotton 
seed  and  but  little  more  than  one-half  as  much  as  that  from  cows  fed 
on  cotton-seed  meal.  The  butter  from  steamed  cotton  seed  is  superior 
in  quality  to  that  from  either  raw  seed  or  cotton-seed  meal.”  The 
Texas  Station  finds  it  advantageous  to  boil  cotton  seed  for  steers. 

MOISTENING  AND  SOAKING  FOOD. 

Three  stations  have  reported  comparisons  of  dry  with  wet  or  soaked 
food  for  pigs.  The  food  consisted  of  shelled  corn  in  one  case,  of  a 
mixture  of  corn  meal  and  shorts  in  another,  and  of  a mixture  of  corn 
meal,  shorts,  and  linseed  meal  in  a third.  In  ever}^  case  the  pigs  ate 
more  of  the  wet  food  and  made  larger  gains  on  it.  The  additional  gain 
was  usually  due  to  the  larger  amount  of  food  eaten  when  moistened  or 
soaked.  The  Kansas  Station  has  just  reported  an  experiment  in  soak- 
ing corn  for  steers.  The  shelled  corn  for  one  lot  (5  steers)  was  soaked 
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until  it  began  to  soften,  and  that  for  the  other  lot  (5  steers)  was  fed  dry. 
From  November  7 to  April  6 the  lot  on  soaked  corn  ate  282  bushels  of 
corn  and  gained  1,632  pounds,  while  the  other  lot  ate  290  bushels  of 
corn  and  gained  only  1,468  pounds — a difference  of  164  pounds.  Owing 
to  their  better  condition  the  steers  fed  soaked  corn  brought  a higher 
price,  giving  a balance  of  $25.50  in  favor  of  soaking.  The  conclusion 
is  that  it  will  pay  to  soak  corn  for  steers  if  it  can  be  done  for  6 cents  a 
bushel.  Soaking  wheat  for  pigs  is  quite  generally  recommended. 

CUTTING  COARSE  FODDER.  . 

The  Maine  Station  compared  the  value  of  chopped  and  unchopped 
hay  for  cows,  and  found  no  evidence  that  the  chopping  had  any  effect. 
The  Indiana  Station  found  that  steers  made  better  gains  on  cut  than 
on  uncut  clover  hay.  Cutting  corn  stover  was  found  advantageous  at 
the  Wisconsin  Station.  In  reference  to  cutting  coarse  fodder  Professor 
Henry  says: 

There  should  be  a good  feed  cutter  on  every  dairy  farm,  useful  for  silo  filling  in 
the  fall  and  for  chaffing  feed  in  the  winter.  All  cornstalks  should  be  put  through 
this  machine,  for  then  they  are  in  better  condition  for  feeding,  and  the  coarser  por- 
tions left  uneaten  are  in  good  form  for  bedding  and  the  manure  heap.  Long  corn- 
stalks are  a nuisance  in  the  feeding  manger,  worthless  for  bedding,  and  troublesome 
in  the  manure  pile.  Many  farmers  find  difficulty  in  feeding  cut  cornstalks,  since 
sometimes  the  cows  refuse  to  eat  them.  In  a few  cases  we  have  found  that  the  sharp 
ends  of  the  cornstalks,  when  cut  certain  lengths,  injure  the  mouths  of  the  cows. 
Where  they  are  not  well  eaten  the  cause  is  often  due  to  overfeeding,  or  endeavoring 
to  have  the  cows  live  on  too  limited  a variety  of  foods.  Keep  the  mangers  clean  and 
feed  the  cut  fodder  with  care,  and  usually  very  little  will  be  left  over,  and  that  onlj'- 
the  coarsest  portion.  Experiments  at  the  Wisconsin  Station  show  that  -with  the 
varieties  of  corn  raised  there  much  more  of  the  cut  stalks  will  be  eaten  than  if  fed 
uncut  under  the  same  conditions. 

THE  VALUE  OF  SUCCULENT  FEEDS. 

The  use  in  this  country  of  some  kind  of  succulent  feed  nearly  the 
whole  year  round,  to  keep  up  the  appetite  and  the  general  condition 
of  the  animals,  has  become  quite  general.  In  Europe  roots  are  largely 
grown  for  this  purpose.  In  this  country  roots  are  not  grown  to  any 
great  extent  in  comparison  with  corn,  which  furnishes  a larger  and 
cheaper  supply  of  food  material  from  a given  area  than  any  other 
crop.  The  work  of  the  experiment  stations  has  shown  that  fodder 
corn  yields  about  twice  as  much  dry  matter  as  a crop  of  roots  grown 
on  the  same  land.  While  the  dr}^  matter  in  beet  roots  is  somewhat 
more  digestible  than  that  in  corn  silage,  it  has  been  found  in  feeding 
experiments  that  dairy  cows  fed  rations  consisting  quite  largely  of  either 
beets  or  silage  have  given  rather  better  returns  for  the  dry  matter  in 
the  silage.  The  loss  of  nutrients  in  preserving  corn  in  the  form  of 
silage  and  as  dry  corn  fodder  is  about  the  same  when  careful  methods 
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are  employed,  but  feeding  trials  with  dairy  cows  have  shown  that 
silage  gdves  rather  better  results  than  a corresponding  amount  of  dry 
corn  fodder.  Furthermore,  there  is  less  waste  in  feeding  it,  as  the 
animals  eat  the  butts  readily  in  the  form  of  silage,  but  reject  them  in 
the  form  of  corn  fodder,  even  when  cut  fine.  Silage  proves  more 
acceptable  to  stock  than  dry  fodder,  and  they  will  consume  a larger 
amount  of  dry  matter  in  that  form. 

The  use  of  succulent  food  in  the  form  of  corn  silage  has,  therefore, 
become  very  prevalent  in  localities  where  corn  is  a leading  forage 
crop.  It  is  found  adapted  to  nearly  all  kinds  of  farm  animals, 
including  horses,  sheep,  and  pigs. 

SOILING. 

This  term  is  used  to  mean  the  feeding  of  farm  animals,  more  or  less 
confined,  on  green  forage  fresh  from  the  fields.  The  practice  is  more 
prevalent  in  older  countries  where  land  is  expensive,  and  is  coming 
into  use  in  some  localities  in  the  eastern  part  of  this  country  to  such  an 
extent  as  to  entitle  it  to  recognition  as  one  of  the  systems  of  feeding. 
Partial  soiling  is  much  more  common,  being  relied  upon  to  carry  the 
animals  over  a period  when  pastures  are  short.  Under  the  soiling 
system  a larger  number  of  animals  can  be  kept  upon  a given  acreage, 
and  by  allowing  open-air  exercise  in  a large  yard  or  pasture  the  prac- 
tice has  been  demonstrated  as  entirely  feasible  for  dairy  animals. 

SOILING  DAIRY  COWS. 

The  Wisconsin  Station  found  that  1 acre  of  soiling  crops  was  equal 
to  about  acres  of  good  blue-grass  pasture  for  feeding  dairy  cows,  and 
the  Connecticut  Storrs  Station  kept  4 cows  from  June  1 to  November 
1 on  soiling  crops  produced  on  2i  acres  of  land. 

The  New  Jersey  Experiment  Station  has  been  conducting  a practi- 
cal trial  in  soiling  dairj^  cows  for  a number  of  years  past,  and  finds 
that  complete  soiling  is  entirely  practicable,  i.  e.,  that  green  forage 
crops  may  serve  as  the  sole  food  of  the  dairy  herd,  aside  from  the 
grain  ration,  without  injury  to  the  animals  and  with  a considerable 
saving  in  the  cost  of  milk.  A forage-rotation  system  has  been  worked 
out  so  as  to  furnish  a continuous  supply  of  green  crops  throughout  the 
season.  One  acre  of  soiling  crops  produced  sufficient  fodder  for  an 
equivalent  of  cows  for  six  months.  Pye,  corn,  crimson  clover, 
alfalfa,  oats  and  peas,  and  the  millets  have  been  found  to  furnish  food 
more  economically  than  any  other  green  crops  in  that  locality.  A 
grain  ration  was  always  fed  in  addition  to^  the  soiling  crops. 

The  station  holds  that  ‘‘where  complete  soiling  is  not  practicable  it 
will  pay  to  grow  forage  crops  to  supplement  pasturage  during  drought 
or  shortage  due  to  other  causes,  and  thus  furnish  a sufficient  and  con- 
tinuous supply  of  food  from  the  farm.”  The  added  labor  involved  in 


22 


28 


growing  and  harvesting  these  green  crops  should  be  taken  account  of. 
As  an  average  cow  or  steer  will  consume  from  60  to  100  pounds  of 
green  forage  a day,  the  labor  involved  in  supplying  green  food  for  a 
large  herd  is  quite  an  item.  Partial  soiling  properly  conducted  will 
be  found  a profitable  practice  on  many  farms,  enabling  more  stock  to 
be  kept  and  maintaining  a continuous  flow  of  milk,  and  good  grovv^th 
in  the  case  of  steers,  throughout  the  season  when  pastures  are  likely 
to  be  short. 

CONDIMEIfTAL  FEEDING  STUFFS. 

A considerable  number  of  proprietary  articles  sold  under  trade  names 
are  found  on  the  markets  in  this  country.  Judging  from  the  extent 
to  which  they  are  advertised  and  statistics  which  have  been  collected 
from  feeders,  the  employment  of  these  prepared  or  condimental  feeds 
must  be  quite  extensive.  Extravagant  claims  are  made  for  them  as  to 
their  effect  upon  the  general  health  of  animals  and  their  feeding  value 
or  their  ability  to  increase  milk  production.  Tonic  or  medicinal  prop- 
erties are  claimed  for  many  of  them.  They  frequently  contain  a large 
quantity  of  salt,  some  fenugreek,  aromatic  seeds,  charcoal,  Epsom 
salts,  sulphur,  cayenne,  gentian,  ginger,  etc. 

Analyses  of  samples  of  these  feeding  stuffs  collected  from  time  to 
time  show  that  none  of  them  can  be  regarded  as  concentrated  feeds  in 
the  common  acceptation  of  the  term.  The  basis  of  the  better  ones  is 
linseed  or  flaxseed  meal  or  some  cereal  by-product.  They  are  usually 
sold  at  exorbitant  prices,  ranging  from  10  to  20  cents  a pound. 
Neither  the  claims  made  for  their  valuable  properties  nor  the  need  of 
supplying  tonics  or  medicines  with  the  food  will  justify  the  feeder  in 
buffing  such  materials.  The  Connecticut  State  Experiment  Station 
has  recently  exposed  a number  of  these  condimental  feeds  for  which 
claims  wholly  without  ground  were  made. 

The  mildly  curative  properties  of  the  various  drugs  used  in  these  feeds  are  well 
understood  by  most  dairy  farmers,  as  well  as  their  limitations.  The  claims  that  by 
the  use  of  condiments  and  spices  the  digestibility  of  food  can  be  increased,  and  in 
this  way  a saving  of  feeding  can  be  effected,  have  no  basis  in  fact.  No  experiments 
have  demonstrated  or  made  even  probable  such  an  effect. 

INSPECTION  OF  FEEDING  STUFFS. 

A number  of  the  Eastern  States  have  passed  laws  requiring  that  the 
composition  of  certain  classes  of  feeding  stuffs  be  guaranteed  by  the 
manufacturers,  and  providing  an  inspection  of  these  goods  to  see  that 
the  guaranty  is  complied  with.  These  laws  apply  only  to  the  so-called 
concentrated  feeding  stuffs,  especially  the  by-products  and  mixed  feeds, 
not  the  cereal  grains  sold  as  such.  The  inspection  is  usually  in  charge 
of  the  experiment  station  and  is  managed  veiy  similarly  to  the  fertili- 
zer inspection.  The  results  are  published  in  bulletins,  which  enable 
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the  farmer  to  judge  as  to  the  reliability  of  these  goods  and  assist  him 
in  making  an  economical  selection. 

NECESSITY  FOR  INSPECTION. 

The  need  for  this  inspection  arises  from  the  quite  wide  variation  in 
the  composition  of  many  of  the  by-products,  the  confusion  of  names, 
as  in  the  case  of  the  by-products  from  starch  manufacture,  the  large 
number  of  mixed  feeds  which  are  put  upon  the  market  under  propri- 
etary names,  and  the  occasional  tendency  to  mix  with  the  material 
substances  of  inferior  value.  The  variation  which  occurs  in  the  com- 
position of  some  of  the  most  common  concentrated  feeding  stuffs  is 
readily  shown  by  the  compilation  of  analyses  given  at  the  end  of  this 
bulletin.  Wheat  bran,  for  example,  varies  in  protein  all  the  way  from 
12  to  19  per  cent,  wheat  middlings  from  10  to  20  per  cent,  buckwheat 
middlings  from  25  to  31  per  cent,  cotton-seed  meal  from  23  to  50  per 
cent,  etc.,  while  the  various  materials  sold  under  the  name  of  gluten 
meal  have  been  found  to  vary  from  less  than  20  to  over  40  per  cent. 
These  variations  are,  for  the  most  part,  due  to  slight  differences  in  the 
method  of  treatment  and  in  the  original  material  used  rather  than  to 
adulteration,  but  they  are  none  the  less  misleading  to  the  farmer. 

In  the  trade  names  which  have  been  given  to  the  different  by-products 
great  confusion  has  arisen^  so  that  only  one  familiar  with  the  processes 
of  manufacture  could  tell  the  class  to  which  the  different  materials 
belong.  In  some  cases  the  names  appear  to  have  been  purposely  made 
delusive. 

Of  recent  years  there  have  been  a large  number  of  mixed  stock 
feeds  placed  upon  the  market  for  which  extraordinary  claims  have 
often  been  made.  Some  of  these  serve  as  an  outlet  for  the  light  oats 
and  hulls  from  oatmeal  factories,  and  other  b^^-products.  One  so-called 
concentrated  dairy  feed  recently  reported  upon  contained,  on  the  aver- 
age, less  than  8 per  cent  of  protein  and  3.4  per  cent  of  fat,  while  it 
had  over  22  per  cent  of  fiber,  which  warrants  the  conclusion  that  it  is 
‘‘concentrated”  in  fiber  chiefly. 

No  very  considerable  amount  of  actual  adulteration  has  been  observed 
in  this  country,  although  ground  cotton-seed  hulls  have  been  mixed 
with  cotton-seed  meal  and  peanut  shells,  oat  hulls,  and  similar  products 
with  other  materials  in  a manner  that  must  be  considered  adulteration. 

SOME  RESULTS  OF  INSPECTION. 

The  feeding  stuff  inspection  protects  the  farmer  from  fraud  in  the 
same  way  that  the  fertilizer  inspection  does,  and  gives  him  the  benefit 
of  a guaranteed  composition  in  buying.  The  result  of  this  inspection, 
which  has  been  in  operation  for  a number  of  years,  has  been  quite 
marked  in  driving  inferior  grades  of  goods,  like  adulterated  cotton- 
seed meal,  out  of  the  market,  and  tending  to  bring  about  greater 
uniformity  in  composition  in  the  case  of  standard  by-products. 


22 


% 


APPETOIX. 

COMPOSITION  OF  FEEDING  STUFFS. 

In  the  following  table  the  composition  of  a large  number  of  feeding 
stuffs  in  common  use  is  given  from  American  sources/ previous  tables 
being  revised  for  this  purpose.  Not  only  are  the  averages  given,  but 
also  the  highest  and  lowest  result  found  for  each  ingredient  in  the 
various  materials.  That  is,  in  the  case  of  the  minimum  and  maximum 
the  figures  given  do  not  represent  the  results  of  single  anal3^ses,  but 
are  the  highest  and  lowest  results  which  have  been  found  in  the  case 
of  each  ingredient.  They  are  given  to  show  the  limits  within  which 
each  ingredient  has  been  found  to  vary. 

Composition  of  feeding  stuffs. 


Feeding  stuff. 

Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

GREEN  FODDER. 

Corn  foddern 

Flint  varieties— 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Minimum 

51.5 

0.7 

0.6 

2.1 

4.3 

Maximum 

90.8 

1.8 

4.0 

11.4 

36.3 

Average 

79.8 

1.1 

2.0 

4.3 

12.1 

Flint  varieties  cut  after  kernels  had 
glazed— 

Minimum 

69.7 

0.9 

1.5 

3.0 

10.0 

Maximum 

83.7 

1.7 

2.7 

6.1 

19.7 

Average 

77.1 

1.1 

2.1 

4.3 

14.6 

Dent  varieties — 

Minimum 

59.5 

0.6 

0.5 

2.0 

3.0 

Maximum 

93.6, 

2.5 

3.8 

11.0 

27.0 

Average 

79.0 

1.2 

1.7 

6.6 

12.0 

Dent  varieties  cut  after  kernels  had 
glazed— 

Minimum 

59.5 

1.0 

1.0 

5.4 

11.6 

Maximum 

80.7 

2.2 

3.3 

8.5 

27.0 

Average 

73.4 

1.6 

2.0 

6.7 

16.5 

Sweet  varieties — 

Minimum 

69.3 

0.8 

0.9 

1.9 

3.2 

Maximum 

92.9 

2.6 

•LI 

8.5 

19.4 

Average 

79.1 

1.3 

1.9 

4.4 

12.8 

All  varieties- 

Minimum 

51.5 

0.6 

0.5 

1.9 

3.0 

Maximum 

93.6 

2.6 

4.0 

11.4 

36.3 

Average 

79.3 

1.2 

1.8 

6.0 

12.2 

Leaves  and  husks,  cut  green— 

Minimum 

67.9 

2.1 

1.8 

6.6 

16.7 

Maximum 

71.3 

4.4 

2.4 

12.5 

22.2 

Average 

66.2 

2.9 

2.1 

8.7 

19.0 

Stripped  stalks,  cut  green — 

Minimum 

74.5 

0.6 

0.4 

6.7 

14.2 

Maximum 

77.4 

0.8 

0.6 

8.8 

16.0 

Average 

76.1 

0.7 

0.6 

7.3 

14.9 

Kafir  corn: 

Minimum 

60.5 

1.0 

1.2 

3.7 

6.1 

Maximum 

87.6 

2.7 

3.8 

9.5 

25.8 

Average 

73.0 

2.0 

2.3 

6.9 

15.1 

Rye  fodder: 

Minimum 

74.4 

1.3 

2.3 

4.7 

4.9 

Maximum 

84.3 

2.4 

3. 0 

14.9 

12.4 

Average  

78.6 

1 1.8 

2.6 

11.6 

6.8 

Fat. 


Pei'  ct. 
0.3 
1.3 
0.7 


0.6 

1.3 

0.8 


0.1 

1.6 

0.5 


0.4 

1.6 

0.9 

0.1 

1.0 

O.o 

0.1 

1.6 

0.5 

1.0 

1.3 

1.1 

0.4 

0.6 

0.5 

0.3 

1.5 

0.7 

0.2 

0.7 

O.G 


Num- 
ber of 
aualy- 
ses. 


40 


10 


68 


21 


12G 


27 


1 Corn  fodder  is  the  entire  plant,  usually  a thiekly  planted  crop, 
the  ears  are  harvested. 


Corn  stover  is  what  is  left  after 
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Composition  of  feeding  stuffs — Continued. 


Feeding  stuff. 

Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

GREEN  FODDER — continued. 

Oat  fodder: 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

31.3 

1.5 

1.5 

7.1 

10.8 

0.4 

78.6 

4.2 

6.1 

16.8 

39.8 

3.0 

Average 

62.2 

2.6 

3.4 

11.2 

19.3 

1.4 

6 

Redtop,!  in  bloom: 

51.5 

1.7 

2.0 

8.0 

11.7 

0.6 

76.2 

2.9 

4.3 

15.7 

23.9 

1.1 

Average 

65.3 

2.3 

2.8 

11.0 

17.7 

0.9 

5 

Tall  oat  grass, 2 in  bloom: 

Minimum 

62.3 

1.6 

1.7 

9.2 

13.0 

0.6 

Maximmn 

73.5 

3.0 

3.3 

9.7 

20.7 

1.5 

Average 

69.5 

2.0 

2.4 

9.4 

• 15.8 

0.9 

3 

Orchard  grass,  in  bloom: 

66.9 

1.6 

1.9 

5.8 

9.9 

0.7 

Maximum 

77.3 

2.9 

4.1 

11.1 

16.6 

1.3 

Average 

73.0 

2.0 

2.6 

8.2 

18.3 

0.9 

4 

Meadow  fescue,  in  bloom: 

67.6 

1.6 

1.8 

10.2 

12.5 

0.7 

73.2 

2.0 

2.7 

11.3 

15.7 

1.1 

Average 

69.9 

1.8 

2.4 

10.8 

14.3 

0.8 

4 

Italian  rye  grass,  coming  into  bloom: 

69.6 

2.1 

2.6 

5.5 

11.5 

1.1 

Maximum 

76.6 

2.8 

3.8 

7.5 

15.4 

1.6 

Average 

73.2 

2.6 

3.1 

6.8 

13.3 

1.3 

24 

Timothy,  at  different  stages: 

47.0 

1.4 

1. 3 

5.1 

10.1 

0.6 

Maximum 

78.7 

3.2 

3.8 

19.4 

■ 28.6 

2.0 

Average 

61.6 

2.1 

3.1 

11.8 

20.2 

1.2 

66 

Kentucky  blue  grass, < at  different  stages: 

Minimum 

51.  7 

1.6 

2.4 

. 3.8 

6.5 

0.8 

Maximum 

82.5 

4.8 

7.2 

14.8 

26.6 

1.9 

Average 

66.1 

2.8 

4,1 

9.1 

17.6 

1.3 

18 

Hungarian  grass: 

Minimum 

62.7 

1.9 

2.8 

7.6 

9.1 

0.5 

Maximum 

78.3 

2.2 

3.2 

10.8 

20.1 

1.1 

Average 

71.1 

1.7 

3.1 

8.2 

14.2 

0.7 

14 

Red  clover,  at  different  stages: 

Minimum 

47.1 

0.9 

1.7 

1.8 

3.5 

0.3 

Maximum 

91.8 

4.0 

7.1 

14.7 

25.8 

1.8 

Average 

70.8 

2.1 

4.4 

8.1 

13.6 

1.1 

43 

Alsike  clover,®  in  bloom: 

Minimum 

72.3 

1.9 

3.6 

5.3 

10.8 

0.6 

Maximum 

77.3 

2.1 

4.2 

9.4 

11.5 

1.2 

Average 

74.8 

2.0 

• 3.9 

7.4 

11.0 

0.9 

4 

Crimson  clover: 

Minimum  

78.4 

1.4 

2.7 

3.5 

7.0 

0.6 

Maximum 

84.6 

2.0 

3.5 

6.3 

9.7 

0.8 

Average 

80.9 

1.7 

3.1 

6.2 

8.4 

0.7 

3 

Alfalfa,®  at  different  stages: 

Minimum 

49.3 

1.8 

3.5 

2.5 

10.8 

0.6 

Maximum 

82.0 

5.1 

7.7 

14.8 

11.5 

1.2 

Average 

71.8 

2.7 

4.8 

7.4 

12.3 

1.0 

23 

Serradella,  at  different  stages: 

Minimum  

65.6 

1.8 

2.1 

2.0 

3.9 

0 4 

Maximum 

84.6 

5.8 

3.6 

7.8 

17.1 

1.8 

Average 

79.6 

8.2 

2,7 

6.4 

8.6 

0.7 

9 

Cowpea: 

IMinirnum 

72.8 

1.2 

1.5 

1.7 

1.8 

0.2 

M.'ixirrfum 

93.1 

2.7 

3.5 

15.3 

12.9 

0.6 

Average 

83.6 

1.7 

2.4 

4.8 

7.1 

0.4 

10 

Soybean: 

Minimum 

63.6 

1.8 

2.2 

4.8 

5.8 

0.5 

Maximum 

81.5 

5.1 

5.9 

9.7 

16.0 

1.6 

Average 

75.1 

2.6 

4.0 

6.7 

10.6 

1.0 

27 

Horse  bean:  Average 

85.1 

1.4 

8.0 

4.3 

5.7 

0.6 

4 

Flat  pea  {Lathyrus  sylvestris):  Average — 

66.7 

2.9 

8.7 

7.9 

12.2 

1.6 

2 

Rape: 

Minimum 

80.8 

1.2 

1.8 

1.2 

3.6 

0.4 

Maximum 

91.1 

3.1 

4.5 

3.6 

9.5 

1.1 

Average 

86.7 

2.0 

2.4 

2.2 

7.1 

0.6 

10 

1 Herd’s  grass  of  Pennsylvania. 

2 Meadow  oat  grass. 

3 Herd’s  grass  of  New  England  and  New  York. 


‘‘June  grass. 

^ Swedish  clover. 
® Lucerii. 
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Composition  of  feeding  stuffs — Continued. 


Feeding  stuff. 

Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

SILAGE. 

Corn  silage: 

Per  ct. 

Per  ct 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

53.4 

0.3 

0.7 

3.0 

5.1 

0.2 

87.7 

3.3 

3.6 

10.5 

24.2 

2.0 

Average 

77.3 

1.4 

1.9 

6.9 

12.6 

0.9 

161 

Recent  analyses;  corn  more  mature: 

53.4 

0.9 

1.0 

3.6 

6.9 

0.4 

87.6 

2.7 

3.1 

9.9 

30.6 

2.0 

Average 

74.4 

1.6 

2.2 

6.8 

16.0 

1.1 

62 

Sorghum  silage: 

71.9 

0.8 

0.6 

5.9 

13.8 

0.1 

78.0 

].2 

0.9 

6.8 

19.0 

0.5 

Average 

76.1 

1.1 

0.8 

6.4 

16.3 

0.3 

6 

Red  clover  silage: 

61.4 

1.9 

3.0 

5.1 

8.1 

0.9 

78.6 

3.0 

5.9 

13.9 

14.3 

1.6 

Average 

72.0 

2.6 

4.2 

8.4 

11.6 

1.2 

6 

Soy  bean  silage:  Average 

74.2 

2.8 

4.1 

9.7 

6.9 

2.2 

1 

Cowpea  vine  silage:  Average 

79.3 

2.9 

2.7 

6.0 

7.6 

1.6 

2 

Field  pea  vine  silage:  Average 

60.1 

3.6 

6.9 

13.0 

26.0 

1.6 

1 

Silage  of  mixture  of  cowpea  vines  and 
soy  bean  vines:  Average 

69.8 

4.6 

3.8 

9.5 

11.1 

1.3 

1 

HAY  AND  DBY  COARSE  FODDER. 

Corn  fodder,!  field  cured: 

22.9 

1.5 

2.7 

7.5 

20.6 

0.6 

60.2 

5.5 

6.9 

24.7 

47.8 

2.5 

Average ; 

42.2 

2.7 

4.6 

14.3 

34.7 

1.6 

36 

Corn  leaves,  field  cured; 

Minimum 

14.8 

4.3 

4.5 

17.4 

27.3 

0.8 

Maximum 

44.0 

7.4 

8.3 

27.  4 

41.4 

2.2 

Average 

30.0 

6.5 

6.0 

21.4 

35.7 

1.4 

17 

Corn  husks,  field  cured: 

Minimum 

26.7 

0.6 

1.3 

6.8 

14.3 

0.5 

Maximum 

76.6 

2.3 

1.2 

23.6 

43.6 

1.0 

Average 

60.9 

1.8 

2.5 

15.8 

28.3 

0.7 

16 

Cornstalks,  field  cured: 

Minimum 

51.3 

0.6 

1.2 

6.9 

11.2 

0.3 

Maximum 

78.5 

2.0 

3.0 

16.8 

26.0 

1.0 

Average 

68.4 

1.2 

1.9 

11.0 

17.0 

0.5 

15 

Corn  stover,3  field  cured: 

Minimum 

15.4 

1.7 

1.8 

14. 1 

23.3 

0.7 

Maximum 

57.4 

7.0 

8.3 

32.  2 

53.3 

2.2 

Average 

40.6 

3.4 

8.8 

19.7 

3 1.6 

1.1 

60 

Kafir  corn  stover,  field  cured:  Average  ... 

19.2 

8.0 

4.8 

26.8 

30.6 

1.6 

6 

Hay  from: 

Barley — 

Minimum 

6.4 

4.2 

8.0 

21.0 

44.9 

2.4 

Maximum 

15.0 

7.1 

11. 1 

26.1 

51.8 

2.8 

Average 

10.6 

6.3 

9.3 

23.6 

48.7 

2.5 

4 

Oats — 

Minimum 

9.5 

4.6 

5.2 

23.  1 

31.  9 

1.8 

Maximum 

26.5 

9.4 

9.5 

30.9 

48.5 

3.3 

Average 

16.0 

6.1 

7.4 

27.2 

40.  C 

2.7 

12 

Redtop,3  cut  at  different  stages — 

Minimum 

6.8 

3.8 

5.9 

24.0 

44.  8 

1.4 

Maximum 

11.6 

7.0 

10.4 

31.8 

50.4 

3.2 

Average 

8.9 

6.2 

7.9 

28.6 

47.5 

1.9 

9 

Redtop,  cut  in  bloom — 

Minimum 

6.8 

4.8 

7.8 

24.0 

, 46.8 

1.5 

Maximum 

11.6 

6.5 

10.4 

31.8 

47.8 

2.3 

Average 

8.7 

4.9 

8.0 

29.9 

46.4 

2.1 

3 

Orchard  grass — 

Minimum 

6.5 

6.0 

6.6 

28.9 

32.9 

1.7 

Maximum 

13.6 

7.9 

10.4 

38.3 

48.6 

3.3 

Average 

9.9 

6.0 

8.1 

32.4 

41.0 

2.6 

10 

Timothy,'!  all  analyses — 

Minimum 

6. 1 

2.5 

3.8 

22.2 

34.3 

1.0 

Maximum 

28.  9 

6.3 

9.8 

38.5 

58.5 

4.0 

Average 

13.2 

4.4 

6.9 

29.0 

45.0 

2.6 

68 

Timothy,  cut  in  full  bloom— 

Minimum 

7.0 

2.5 

5.0 

22.2 

34.4 

2.0 

Maximum 

28.9 

6.0 

7.5 

37.1 

48.5 

4.0 

Average 

16.0 

4.6 

6.0 

29.6 

41.9 

8.0 

12 

1 Entire  plant.  3 Herd’s  grass  of  Pennsylvania. 

2 What  is  left  after  the  ears  are  harvested.  ■*  Herd’s  grass  of  New  England  and  New  York. 
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Composition  of  feeding  stuffs — Continued. 


Feeding  stuff. 


HAY  AND  DRY  COARSE  FODDER— COnt’d. 

Hay  from— Continued. 

Timothy  cut  soon  after  bloom— 

Minimum 

Maximum 

Average 

Timothy  cut  when  nearly  ripe — 

Minimum 

Maximum 

Average 

Kentucky  blue  grass— 

Minimum 

Maximum 

Average 

Cut  when  seed  was  in  milk=— 

Minimum 

Maximum 

Average 

Cut  when  seed  was  ripe- 

Minimum  

Maximum 

Average 

Hungarian  grass— 

Minimum 

Maximum 

Average 

Meadovv  fescue — 

Minimum 

Maximum 

Average 

Italian  rye  grass— 

Minimum  •. 

Maximum 

Average 

Mixed  grasses— 

Minimum 

Maximum 

Average 

Rowen  (mixed)  i — 

Minimum 

Maximum 

Average 

Mixed  grasses  and  clovers— 

Minimum 

Maximum 

Average 

Stvamp  hay— 

Minimum 

Maximum 

Average 

Salt  marsh  hay — 

Minimum 

Maximum 

Average 

Red  Clover- 

Minimum  

Maximum 

Average 

Red  clover  in  bloom — 

Minimum 

Maximum 

Average 

Alsike  Clover- 

Minimum  

Maximum 

Average 

White  clover — 

Minimum 

Maximum 

Average 

Crimson  clover — 

Minimum 

Maximum 

Average 

Japan  clover — 

Average 

Vetch- 

Minimum  

Maximum 

Average 

22 


V/ater. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen - 
free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

7.8 

3.5 

4.6 

25.7 

37.0 

1.7 

21.6 

5.4 

8.1 

33.4 

51.0 

3.6 

14.2 

4.4 

5.7 

28. 1 

44.6 

3.0 

11 

7.0 

2.7 

4.3 

24.8 

38.0 

1.0 

22.7 

5.1 

6.0 

38.5 

49.1 

2.8 

14.1 

3.9 

5.0 

31.1 

43.7 

2.2 

12 

14.3 

4.6 

5.3 

17.7 

31.8 

2.0 

32.8 

7.8 

• 12. 9 

26.8 

51.1 

4.2 

21.2 

6.3 

7.8 

23.0 

37.8 

3.9 

10 

22.5 

5.6 

6.0 

23.9 

33.2 

3.4 

26.6 

7.6 

6.6 

24.9 

35.4 

4.1 

24.4“ 

7.0 

6.3 

24.6 

34.2 

8.6 

4 

23.7 

5.1 

5.3 

20.4 

33.6 

2.8 

32.8 

7.8 

6.0 

25.7 

33.7 

3.2 

27.8 

6.4 

5.8 

•23.8 

33.2 

3.0 

4 

4.9 

5.0 

4.7 

23.6 

44.4 

1.5 

9. 5 

7.5 

12.3 

36.3 

53.0 

3.5 

7.7 

0.0 

7.5 

27.7 

49.0 

2.1 

13 

7.4 

5. 5 

4.5 

20.8 

28.5 

1.-6 

32.5 

7.8 

11.8 

31.9 

45.5 

3.5 

20.0 

6.8 

7.0 

25.9 

38.4 

2.7 

9 

7.4 

6.1 

5. 7 

28.4 

39.6 

1.3 

9.3 

7.9 

8.8 

33.9 

48.9 

1.9 

8.6 

6.9 

7.5 

30.6 

46.0 

1.7 

4 

6.5 

2.1 

4.8 

21.0 

33,4 

1.3 

33.4 

6.9 

12.1 

38.4 

50.8 

4.9 

15.3 

5.5 

7.4 

27.2 

42.1 

2.5 

126 

8.2 

5.1 

9.6 

20.1 

33.6 

2.2 

24.4 

7.2 

14.8 

20.0 

44.3 

4.5 

16.6 

6.8 

11.6 

22.5 

39.4 

3.1 

23 

8.2 

3.9 

5. 5 

19.7 

31.8 

1.5 

15.9 

9.6 

14.4 

35.1 

48.9 

3.1 

12.9 

5.5 

10.1 

27.6 

41.3 

2.6 

17 

7.8 

3.3 

5.0 

19.4 

39.9 

0.8 

17.9 

12.1 

8.8 

31.6 

51.7 

3.6 

11.6 

6.7 

7.2 

26.6 

45.9 

2.0 

8 

7.8 

5.4 

4.0 

25.1 

34.1 

1.6 

18.6 

11.8 

7.8 

33.8 

54.3 

3.1 

10.4 

7.7 

.5.6 

30.0 

44.1 

2.4 

10 

6.0 

3.9 

10.0 

15.6 

27.3 

1.5 

31.3 

8.3 

20.2 

35.7 

52.2 

5.9 

15.3 

6.2 

12.3 

24.8 

38.1 

3.3 

38 

6.0 

5.6 

10.8 

17.9 

27.3 

2.5 

31.3 

8.3 

15.4 

28.1 

41.3 

5.9 

20.8 

6.6 

12.4 

21.9 

33.8 

4.6 

6 

6.3 

6.1 

9.2 

19.7 

35.6 

1.6 

13.9 

12.2 

16.1 

29.5 

45.9 

4.2 

9.7 

8.3 

12.8 

25.6 

40.7 

2.9 

9 

6.1 

4.5 

13.9 

20.3 

33.4 

1.7 

13.5 

13.8 

20.0 

30.3 

47.3 

5.8 

9.7 

8.3 

15.7 

24.1 

39.3 

2.9 

7 

'5.9 

7.4 

13.6 

20.1 

29.3 

1.5 

13.4 

13.0 

16.1 

34.9 

42.6 

4.8 

9.6 

8.6 

16.2 

27.2 

86.6 

2.8 

7 

11.0 

8.5 

13.8 

24.0 

39.0 

8.7 

2 

8.3 

7.1 

13.1 

19.7 

26.5 

1.6 

15.8 

11.6 

23.1 

28.1 

40.2 

3.0 

11.3 

7.9 

17.0 

25.4 

36.1 

2.3 

5 

1 Second  cub. 


34 


Composition  of  feeding  stuff's — Continued. 


Feeding  stuff. 


HAY  AND  DRY  COARSE  FODDER — COUt’d. 

Hay  from — Continued. 

Serradella— 

Minimum 

Maximum 

Average 

Alfalfa  1— 

Minimum 

Maximum 

Average 

Cowpea — 

Minimum 

Maximum 

Average 

Soy  bean — 

Minimum 

Maximum... 

Average 

Flat  pea  {Lathyrus  sylvestris) — 

Minimum 

Maximum 

Average 

Peanut  vines  (without  nuts)  — 

Minimum. 

Maximum 

Average 

Soy  bean  straw; 

Minimum 

Maximum 

Average 

Horse  bean  straw;  Average 

Wheat  straw: 

Minimum  

Maximum 

Average 

Rye  straw; 

Minimum 

Maximum 

Average 

Oat  straw; 

Minimum 

Maximum 

Average 

Buckwheat  straw: 

Minimum 

Maximum 

Average 

ROOTS  AND  TUBERS. 

Potatoes; 

Minimum- 

Maximum. 

Average 

Sweet  potatoes: 

Minimum - 

Maximum 

Average 

Red  beets; 

Minimum 

Maximum 

Average 

Sugar  beets; 

Minimum 

Maximum 

Average 

Mangel-wurzels: 

Minimum 

Maximum 

Average 

Turnips; 

Minimum 

Maximum 

Average 

Ruta-ba.gas; 

Minimum 

Maximum 

Average 


Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct.  1 

7.2 

5.4 

13.9 

19.4 

40.5 

2.2  ! 

11.7 

10.3 

16.6 

22.9 

46.0 

2.9  ' 

y.2 

7.2 

15.2 

21.6 

44.2 

2.6  : 

s 

4.6 

3.1 

10.2 

14.0 

35.1 

1 

1.1 

16.0 

10.4 

20.3 

33.0 

53.6 

3.8  i 

8.4 

7.4 

14.3 

26.0 

42.7 

2.2  ! 

21 

7.6 

3.2 

13.6 

16.4 

39.4 

1-1  1 

14.0 

10.2 

20.3 

26.0 

49.5 

3.7  1 

10.7 

7.5 

16.6 

20.1 

42.2 

2.9 

8 

6.1 

4.8 

14.0 

17.3 

31.8 

2.4 

20.1 

8.9 

18.1 

32.3 

41.0 

7.5 

11.3 

7.2 

15.4 

22.3 

38.6 

5.2 

6 

6.3 

6.6 

17.6 

18.5 

27.7 

1.6 



10.0 

8.6 

27.9 

32.7 

34.0 

4.6 

8.4 

7.9 

22.9 

26.2 

31.4 

8.2 

! 5 

6.3 

7.3 

9.1 

18.3 

33.1 

1.7 

7.8 

15.7 

11.7 

33.3 

50.4 

6.8 

1 

7.6 

10.8 

10.7 

23.6 

42.7 

4.6 

1 6 

5.7 

3.9 

4.0 

34.0 

35.3 

0.8 

14.0 

4.9 

4.9 

49.6 

43.3 

3.2 

10.1 

6.8 

4.6 

40.4 

37.4 

1.7 

4 

9.2 

8.7 

8.8 

37.6 

34.3 

1.4 

1 

6.6 

3.0 

2.9 

34.3 

31.0 

1 0.8 

17.9 

7.0 

5.0 

42.7 

50.6 

1.8 

9.6 

4.2 

3.4 

38.1 

43.4 

1.3 

7 

6.3 

2.8 

2.2 

32.7 

41.0 

1.0 

9.7 

3.4 

3.6 

43.3 

52.9 

1.6 

1 

7.1 

8.2 

3.0 

38.9 

46.6 

1.2 

1 7 

6.6 

3.7 

2.7 

31.8 

33.5 

1.7 

11.4 

6.7 

6.9 

45.1 

46.6 

3.2 

9.2 

6.1 

4.0 

87.0 

42.4 

2.8 

12 

9.0 

4.9 

3.3 

37.2 

32.1 

0.7 

10.4 

6.5 

7.8 

46.8 

38.9 

1.7 

9.9 

6.5 

6.2 

43.0 

36.1 

1.3 

3 

75.4 

0.8 

1.1 

0.3 

14.1 

82.2 

1.2 

3.0 

0.9 

20.4 

o.i 

78.9 

1.0 

2.1 

0.6 

17.3 

j 0.1 

12 

66.0 

0.7 

0.5 

0.6 

18.0 

0.3 

74.4 

1.3 

3.6 

2.5 

29.7 

0.6 

71.1 

1.0 

1.6 

1.8 

24.7 

0.4 

6 

86.8 

0.7 

1.1 

0.6 

3.8 

0.1 

92.2 

1.6 

1.8 

1.7 

11.3 

0.3 

88.6 

1.0 

1.6 

0.9 

8.0 

0.1 

9 

80.5 

0.4 

0.4 

0.6 

5.7 

0.1 

90.8 

1.4 

3.2 

1.3 

14.7 

0.4 

86.7 

0.8 

1.6 

0.9 

9.9 

0.1 

28 

86.9 

0.8 

1.0 

0.6 

2.4 

0.0 

94.4 

1.4 

1.9 

1.3 

8.7 

0.7 



91.2 

1.0 

1.4 

0.8 

6.4 

0.2 

16 

87.2 

0.7 

0.8 

0.8 

4.2 

0.04 

92.4 

1.0 

1.7 

1.4 

8.8 

0.2 

90.6 

0.8 

1.8 

1.2 

6.9 

0.2 

4 

87.1 

1.0 

1.0 

1.1 

6.1 

0.1 

91.8 

1.4 

1.3 

1.4 

9.1 

0.3 

88.6 

1.2 

1.2 

1.3 

7.6 

0.2 

4 

22 


1 Lucern. 
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Com'position  of  feeding  stuffs — Continued. 


Feeding  stuff. 


ROOTS  AND  TUBERS — continued. 
Carrots: 

Minimum 

Maximum 

Average 

Artichokes: 

Minimum 

Maximum 

Average 

GRAINS  AND  OTHER  SEEDS. 

Corn,  kernel: 

Dent,  all  analyses — 

Minimum  

Maximum . . . .' 

Average 

Flint,  all  analyses — 

Minimum 

Maximum 

Average 

All  varieties  and  analyses— 

Minimum 

Maximum 

Average 

Kafir  corn,  kernel:  Average 

Sorghum  seed: 

Minimum 

Maximum 

Average 

Barley: 

Minimum 

Maximum 

Average 

Oats: 

Minimum 

Maximum 

Average 

Rye: 

Minimum 

Maximum 

Average 

Wheat,  spring  varieties: 

Minimum 

Maximum 

Average 

Wheat,  winter  varieties,  all  analyses; 

Minimum 

Maximum 

Average 

Wheat,  all  varieties: 

Minimum 

Maximum 

Average 

Rice; 

Minimum 

Maximum 

Average 

Buckwheat. 

Minimum 

Maximum 

Average 

Sunflower  seed  (whole): 

Minimum 

Maximum 

Average 

Cotton  seed,  whole  (with  hulls): 

Minimum » 

Maximum 

Average 

Peanut  kernel  (without  hulls): 

Minimum 

Maximum 

Average 

Soy  bean: 

Minimum 

Maximum 

Average 


Vater. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analyr 
ses. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

86.5 

1.6 

0.8 

0.9 

5.1 

0.2 

91.1 

1.3 

2.0 

2.3 

10.4 

0.7 

88.6 

1.0 

1.1 

1.3 

7.6 

0.4 

8 

75.7 

1.2 

2.0 

0.7 

15.9 

0.1 

79.7 

3.7 

2.6 

1.1 

18.1 

0.2 

78.0 

1.8 

2.4 

0.9 

16.8 

0.1 

7 

G.2 

i.o 

7.5 

0.9 

65.9 

3.1 

19.4 

2.6 

11.8 

4.8 

76.7 

7.6 

10.6 

1.6 

10.3 

2.2 

70.4 

6.0 

86 

4.5 

1.0 

7.0 

0.7 

65.0 

3.4 

19.6 

1.9 

13.7 

2.9 

76.7 

7.1 

11.3 

1.4 

10.5 

1.7 

70.1 

6.0 

68 

4.5 

1.0 

7.0 

0.7 

61.8 

3.1 

20.7 

2.6 

15.3 

5.2 

76.7 

9.3 

10.9 

1.6 

10.6 

2.1 

69.6 

6.4 

208 

12.5 

1.3 

10.9 

1.9 

70.6 

2.9 

6 

9.3 

1.4 

7.7 

1.5 

69.0 

2.1 

16.8 

4.3 

11.8 

8.7 

73.6 

4.6 

12.8 

2.1 

9.1 

2.6 

69.8 

3.6 

10 

7.2 

1.8 

8.6 

1.3 

66.7 

1.5 

12.6 

3.2 

15.7 

4.2 

' 73.9 

3.2 

10.9 

2.4 

12.4 

2.7 

69.8 

1.8 

10 

8.9 

2.0 

8.0 

1.6 

63.5 

3.4 

13.5 

4.0 

14.4 

12.9 

66.9 

5,8 

11.0 

3.0 

11.8 

9.5 

59.7 

6.0 

80 

8.7 

1.8 

9.5 

1.4 

71.2 

1.4 

13.2 

1.9 

12.1 

2.1 

73.9 

2.1 

11.6 

1.9 

10.6 

1.7 

72.6 

1.7 

6 

8.1 

1.5 

8.4 

1.3 

66.1 

1.8 

. . . .9. . . . 

13.4 

2.6 

16.4 

2.3 

74.9 

2.6 



10.4 

1.9 

12.5 

1.8 

71.2 

2.2 

13 

7.1 

0.8 

8.1 

0.4 

66.7 

1.3 

14.0 

3.6 

16.6 

2.9 

77.7 

3.9 

10.6 

1.8 

11.8 

1.8 

72.0 

2.1 

262 

7.1 

0.8 

8.1 

0.4 

64.8 

1.3 

14.0 

3.6 

17.2 

3.1 

77.7 

3.9 

10.5 

1.8 

11.9 

1.8 

71.9 

2.1 

310 

11.4 

0.3 

5.9 

0.1 

77.5 

0.3 

14.0 

0.5 

8.6 

0.4 

80.6 

0.6 

12.4 

0.4 

7.4 

0.2 

79.2 

0.4 

10 

10.9 

1.6 

8.6 

7.8 

62.6 

2.2 

14.8 

2.3 

11.0 

9.4 

65.4 

2.4 

12.6 

2.0 

10.0 

8.7 

64.6 

2.2 

8 

8.5 

2.1 

15.8 

29.5 

22.0 

20.9 

8.8 

3.2 

16.7 

30.3 

20.7 

21.5 



8.6 

2.6 

16.3 

29.9 

21.4 

21.2 

2 

5.8 

2.9 

14.6 

10.9 

17.3 

15.3 

17.5 

6.0 

21.7 

28.7 

36.4 

22.5 

9.1 

4.0 

19.6 

18.9 

28.3 

20.1 

11 

4.9 

1.9 

23.2 

2.0 

12.7 

35.0 

13.2 

8.8 

31.6 

18.4 

19.1 

47.4 

7.5 

2.4 

27.9 

7.0 

15.6 

39.6 

7 

2.8 

3 1 

26.3 

2.2 

23.3 

12.3 

19.3 

12!  4 

41.8 

8.3 

35.3 

20.8 

8.7 

6.4 

36.3 

3.9 

27.7 

18.0 

44 

Composilion  of  feeding  stuffs — Continued. 


Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

Fer  ct. 

Fer  ct. 

Fer  ct. 

Fer  ct. 

Fer  ct. 

Fer  ct. 

9.6 

2.9 

19.3 

2.5 

50.5 

1.3 

20.9 

4.0 

26.4 

5.0 

62.0 

2.7 

11.9 

3.4 

23.5 

3.8 

55.7 

1.7 

17 

8.0 

0.9 

7.1 

0.5 

60.4 

2.0 

27.4 

4.1 

13.9 

3.1 

74.0 

5.1 

15.0 

1.4 

9.2 

1.9 

68.7 

3.8 

77 

9.5 

1.2 

5.8 

4.7 

66.8 

2.5 

26.3 

1.9 

12.2 

9.4 

69.7 

4.7 

15.1 

1.6 

8.6 

6.6 

64.8 

3.5 

7 

9.9 

1.6 

9.8 

5.9 

63.5 

1.5 

13.6 

3.8 

12.7 

7.0 

68.0 

3.2 

11.9 

2.6 

10.5 

6.5 

66.3 

2.2 

3 

12.4 

0.6 

6.0 

0.4 

77.6 

0.8 

13.6 

0.8 

6.9 

0. 5 

79.1 

0.9 

13.1 

0.7 

6.7 

0.4 

78.3 

0.8 

4 

8.9 

2.6 

19.1 

11.1 

50.2 

0.9 

12.1 

2.7 

21.4 

17.7 

52.0 

1.5 

10.6 

2.6 

20.2 

14.4 

51.1 

1.2 

2 

10.2 

6.0 

35.9 

3.4 

28.0 

17.5 

4 

10.7 

1.9 

8.4 

170.4 

4.0 

13.1 

2.7 

10.4 

173.7 

5.0 

11.9 

2.2 

9.6 

172.0 

4.4 

6 

7.2 

0.7 

1.2 

18.2 

43.8 

0.1 

24.8 

2.7 

3.7 

38.3 

66.7 

0.9 

10.7 

1.4 

2.4 

30.1 

54.9 

0.5 

18 

8.1 

1.9 

7.9 

2.5 

61.0 

4.5 

13.5 

3.1 

11.2 

6.7 

71.1 

11.2 

11.1 

2.5 

9.8 

3.8 

64.0 

8.3 

12 

7.1 

0.8 

7.7 

7.8 

67.2 

4.0 

12.3 

2.4 

11.8 

14.3 

68.9 

8.5 

8.7 

1.5 

9.8 

11.2 

62.6 

6.2 

6 

9.4 

1.9 

9.7 

-1.9 

61.9 

5.2 

13.0 

7.4 

9.9 

6.8 

67.4 

11.2 

10.7 

4.0 

9.8 

4.1 

64.0 

7.4 

3 

6.5 

0.8 

10.0 

7.8 

57.4 

4.3 

9.9 

2.6 

14.0 

13.0 

67.0 

11.2 

8.1 

1.3 

11.1 

9.9 

62.5 

7.1 

6 

4.5 

0.5 

10.3 

0.3 

32.4 

1.7 

12.3 

2.0 

49.1 

9.3 

62.7 

20.0 

8.6 

0.8 

30.0 

2.6 

49.2 

8.8 

67 

8.2 

0.9 

24.5 

6.1 

47.8 

12.5 

7 

5.5 

0.6 

29.2 

1.1 

37.0 

1.0 

17.2 

2.3 

43.1 

6.3 

52.6 

9.6 

9.5 

1.2 

87.6 

2.3 

44.4 

6.0 

42 

8.1 

1.0 

28.3 

1.1 

50.8 

10.7 

5 

3.0 

0.4 

26.3 

1.2 

33.2 

2.8 

9.5 

1.9 

37.2 

2.4 

55.0 

19.8 

7.2 

1.4 

34.2 

1.7 

39.0 

16.5 

14 

7. 7 

0.6 

34.1 

1.2 

35.0 

13.6 

9.0 

0.8 

38.2 

1.3 

41.1 

15.8 

8.1 

0.7 

36.1 

1.3 

39.0 

14.8 

3 

8.8 

0.5 

32.1 

1.3 

47.7 

1.7 

11.2 

1.0 

35.9 

2.5 

52.3 

3.8 

9.6 

0.9 

34.6 

1.9 

50.4 

2.6 

7 

Feeding  stuff. 


GRAINS  AND  OTHER  SEEDS — Continued. 


Cowpea : 

Minimum. 
Maximum„ 
Average . . . 


MILL  PRODUCTS. 

Com  meaL 

Minimum 

Maximum 

Average 

Corn  and  cob  meal; 

Minimum 

Maximum 

Average 

Barley  meal: 

Minimum 

Maximum 

Average 

Rye  flour; 

Minimum 

Maximum 

Average 

Pea  meal.' 

Minimum 

Maximum 

Average 

Soy-bean  meal 

Ground  corn  and  oats,  equal  parts: 

Minimum 

Maximum 

Average  .• 


WASTE  PRODUCTS. 

Corncob: 

Minimum 

Maximum 

Average 

Hominy  chop: 

Minimum 

Maximum 

Average 

Corn  bran; 

Minimum 

Maximum 

Average 

Corn  germ: 

Minimum 

Maximum 

Average 

Corn-germ  meal; 

Minimum 

Maximura. 

Average 

Gluten  meal; 

Miscellaneous- 

Minimum  

Maximum 

Average 

Buffalo,  average 

Chicago — 

Minimum 

Maximum 

Average 

Hammond,  average 

King- 

Minimum  

Maximum 

Average 

Cream  gluten: 

Minimum 

Maximum 

Average 

Recent  analyses— 

Minimum 

Maximum 

Average 


22 


‘Including  fiber. 
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Composition  of  fecdmg  stuffs — Continued. 


Feeding  stuff. 

Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

WASTE  PRODUCTS— continued. 

Gluten  feed: 

Miscellaneous — 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Minimum 

4.4 

0.6 

14.8 

1.3 

44.5 

3.0 

12  5 

3.4 

28.3 

11.1 

61.8 

15.0 

Average 

Recent  analyses — 

7.8 

1.1 

23.4 

6.2 

53.2 

8.3 

42 

5.  4 

0.6 

14.8 

1.3 

48.5 

3.0 

10.4 

3.4 

28.3 

11.1 

60.6 

11.5 

Average 

8.1 

1.3 

23.2 

C.4 

64.7 

6.3 

20 

Buffalo— 

7.4 

0.8 

19.5 

2.5 

44.6 

2.3 

10.5 

3.7 

28.  6 

9.6 

59.5 

14.3 

Average 

8.6 

1.8 

24.6 

6.7 

60.0 

8.3 

52 

Recent  anals^ses— 

Minimum 

*7.6 

0.8 

21.3 

2.5 

49.3 

2.3 

10.3 

4.1 

28.6 

7 9 

59.  b 

4.7 

Average 

9.0 

2.7 

26.6 

6.3 

62.0 

3.4 

22 

Davenport — 

Minimum 

7.6 

0.9 

22.9 

5.5 

44.6 

2.5 

Maximum 

10.1 

1.7 

34.9 

7.5 

56.7 

6.4 

Average 

8.6 

1.3 

26.3 

6.6 

62.9 

4.3 

6 

Glen  Cove— 

8.2 

0.4 

27.1 

3.8 

51.9 

2.9 

9.6 

0.7 

29.7 

4.5 

56.0 

4. 1 

Average ». 

8.9 

0.6 

28.8 

4.2 

63.8 

3.7 

4 

Pope’s 

14.0 

0.6 

33.3 

1.6 

36.6 

14.1 

1 

Rockford  (Diamond)— 

Minimum 

7.2 

0.6 

20.0 

5.8 

49.3 

3.2 

Maximum 

9.9 

7.9 

30.1 

8.5 

59.8 

10.2 

Average 

8.7 

1.4 

23.7 

6.8 

64.9 

4.5 

13 

Waukegan— 

Minimum 

6.2 

1.0 

24.3 

5.9 

50.9 

3.5 

Maximum 

9.1 

1.2 

27.7 

7.5 

56.3 

4.6 

Average 

8.S 

1.1 

28.5 

0.9 

63.2 

4.0 

6 

Chicago  maize  feed: 

1 

Minimum 

8.5 

0.7 

19.3 

6.7 

48.7 

6.6 

Maximum 

9.7 

1.4 

26.9 

8.7 

56.1 

8.  3 

Average 

9.1 

1.0 

23.6 

7.4 

61.7 

7. a 

5 

Glucose  feed  and  glucose  refuse:  Average. . 

6.0 

1.1 

20.7 

4.6 

66.8 

10.4 

2 

Dried  starch  feed  and  sugar  feed: 

Minimum 

9.2 

0.6 

17.1 

3.1 

49.2 

7.3 

Maximum 

11.7 

1.2 

22.1 

5.6 

59.6 

11.1 

Average 

10.9 

0.9 

19.7 

4.7 

64.8 

9.0 

4 

Starch  feed,  wet: 

Minimum 

62.3 

0.1 

3.6 

1.6 

18.7 

1.3 

Maximum 

72.2 

0.6 

9.6 

4.4 

28.9 

4.4 

Average 

65.4 

0.3 

6.1 

3.1 

22.0 

8.1 

12 

Oat  feed: 

Minimum 

6.4 

3.2 

12.6 

3.7 

56.2 

6.1 

Maximum 

9.2 

4.2 

20.0 

12.5 

63.7 

7.8 

Average 

7.7 

3.7 

18.0 

6.1 

69.4 

7.1 

4 

Barley  screenings: 

Minimum 

12.0 

3.5 

12.1 

7.0 

61.6 

2.6 

Maximum 

12.4 

3.6 

12.5 

7.  6 

62.0 

2.9 

Average 

12.2 

3.6 

12.3 

7.3 

61.8 

2.8 

2 

Malt  sprouts: 

Minimum 

7.3 

3.8 

21.0 

9.3 

45.5 

1.0 

Maximum 

12.0 

6.7 

25.9 

12.0 

50.3 

3.0 

Average 

Brewers’  grains,  wet: 

19.2 

6.7 

23.2 

10.7 

48.6 

1.7 

4 

Minimum 

68.6 

0.3 

4.3 

3.1 

9.6 

0.8 

Maximum 

79.4 

1.5 

6.9 

5.6 

15.9 

2.8 

Average 

Brewers’  grains,  dried: 

75.7 

1.0 

5.4 

3.8 

12.6 

1.6 

16 

Minimum 

6.2 

2.4 

19.3 

10.2 

37.4 

4.2 

Maximum 

11.9 

' 5.6 

31.8 

15.8 

56.8 

8.4 

Av^age 

8.0 

3.4 

24.1 

13.0 

44.8 

6.7 

15 

Distillery  grains  (dried),  principally  corn: 

Minimum 

5.0 

1.1 

24.9 

8.9 

32.2 

7.8 

Maximum 

8.7 

3.4 

35.5 

13.7 

46.0 

22.2 

Average 

7.0 

2.0 

29.2 

11.0 

39.4 

11.4 

12 

Distillery  grains  (dried),  principally  rye: 

6.8 

2.1 

17.3 

12.3 

64.0 

Average 

7.6 

3 

Grano gluten:  Average 

5.9 

2.7 

31.0 

11.4 

34.8 

14.2 

3 

Atlas  gluten  meal:  Average 

7.2 

2.4 

31.3 

11.0 

36.3 

12.8 

3 

Atlas  gluten  feed:  Average 

7.4 

1.7 

31.1 

11.0 

36.3 

12.6 

11 

Rye  bran: 

Minimum 

8.2 

2.9 

11.5 

2.5 

59.8 

1.7 

Mnxirrmm 

13.7 

4.5 

16.8 

4.1 

67.6 

4.9 

Average 

11.8 

3.5 

14.7  1 

3.3 

63.9 

2.8 

11 

22 
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Composition  of  feeding  stuffs — Continued. 


Feeding  stuff. 


WASTE  PRODUCTS— continued. 

Wheat  bran  from  spring  wheat: 

Miniraum  

Maximum 

Average 

Wheat  bran  from  winter  wheat: 

Minimum 

Maximum 

Average 

Wheat  bran,  all  analyses: 

Minimum 

Maximum 

Average 

Wheat  middlings: 

Minimum 

Maximum 

Average 

Wheat  shorts: 

Minimum 

Maximum 

Average 

Wheat  screenings: 

Minimum 

Maximum 

Average 

Rice  bran: 

Minimum 

Maximum 

Average 

Rice  hulls: 

Minimum 

Maximum 

Average 

Rice  polish: 

Minimum 

Maximum 

Average 

Buckv/heat  bran: 

Minimum 

Maximum 

Average 

Biickwheat  middlings: 

Minimum 

Maximum 

Average -• 

Cotton-seed  feed: 

Minimum 

Maximum 

Average 

Cotton-seed  meal; 

Minimum 

Maximum 

Average 

Cotton-seed  hulls: 

Minimum 

Maximum 

Average 

Linseed  meal,  old  process: 

Minimum 

Maximum 

Average 

Linseed  meal,  new  process: 

Minimum 

Maximum 

Average 

Peanut  meahi 

Minimum 

Maximum 

Average 

Peanut  hulls 

Minimum 

Maximum 

Average 


Water. 

Ash. 

Pro- 

tein. 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
analy- 
ses. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

7.4 

4.0 

14.3 

5.4 

51.7 

3.6 

13.6 

6.0 

18.1 

10.1 

58.1 

5.0 

11.5 

6.4 

16.1 

8.0 

54.5 

4.5 

10 

10.6 

5.0 

13.9 

7.2 

50.6 

3.5 

13.6 

6.4 

17.8 

8.9 

56.2 

4.5 

12.3 

5.9 

16.0 

•8.1 

53.7 

4.0 

1 7 

7.4 

2.5 

12.1 

2.4 

45.5 

1.5 



15.8 

7.8 

18.9 

15.5 

63.2 

7.0 

! 

11.9 

5.8 

15.4 

9.0 

53.9 

4.0 

1 88 

9.2 

1.4 

10.1 

1.3 

63.0 

2.1 

16.0 

6.3 

20.0 

12.7 

70.9 

5.9 

12.1 

3.3 

15.6 

4.6 

60.4 

4.0 

i 32 

4.1 

2.0 

11.1 

6.0 

50.0 

2.6 

j 

15.5 

6.2 

19.4 

10.5 

67.0 

6.1 

11.8 

4.6 

14.9 

7.4 

66.8 

4.5 

7.8 

1.9 

8.3 

1.7 

61.0 

2.7 

13.6 

3.8 

, 16.9 

7.6 

70.4 

3.3 

i 

11.6 

2.9 

12.5 

4.9 

66.1 

3.0 

! 10 

8.8 

8.4 

10.9 

2.0 

41.9 

5.2 

10.7 

12.4 

13.6 

17.8 

62.3 

10.9 

9.7 

10.0 

12.1 

9.6 

49.9 

8.8 

5 

7.7 

10.5 

2.9 

30.3 

36.0 

0.6 

8.5 

15.1 

4.7 

38.6 

41.6 

0.9 

8.2 

13.2 

3.6  1 

35.7 

38.6 

0.7 

3 

9.0 

2.8 

10.9 

2.4 

45. 6 

6.6 

i 

11.2 

11.3 

12.9 

14.5 

63.3 

8.0 

1 

10.0 

6.7 

11.7 

6.3 

58.0 

7.3 

4 

9.1 

4.1 

21.6 

4.3 

36.4 

5.4 

12.1 

6.4 

31.4 

20.3 

42.3 

8.9 

11.6 

4.5 

24.8 

11.7 

40.8 

6.7 

7 

7.5 

4.2 

24.8 

2,4 

36.3 

6.7 

16.3 

6.2 

36.9 

12.9 

52.7 

9.2 

11.8 

4.8 

28.0 

6.3 

41.9 

7.2 

1 12 

6.2 

3.2 

10.7 

19.6 

36.4 

2.4 

9.7 

4.4 

22.6 

37.4 

42.0 

6.0 

i 

8.0 

8.7 

13.4 

32.6 

38.7 

3.7 

5 

5.8 

6.7 

23.3 

1.3 

15.7 

8.8 

18.5 

8.8 

50.8 

10.1 

38.7 

18.0 

8.2 

7.2 

42.3 

6.6 

23.6 

18.1 

35 

9.2 

1.8 

2.2 

37.9 

12.4 

0.6 

16.7 

4.4 

6.4 

67.0 

41.8 

5.4 

11.1 

2.8 

4.2 

46.3 

33.4 

2.2 

20 

5.6 

4.6 

27.7 

4.7 

28.4 

5.2 

12.4 

8.2 

38.2 

12.9 

41.9 

11.6 

9.2 

6.7 

32.9 

8.9 

36.4 

7.9 

21 

6.0 

4.9 

27.1 

5.9 

32.1 

1.3 

13.4 

6.9 

44.0 

10.2 

48.0 

4.8 

9.9 

5.6 

86.9 

8.8 

36.8 

3.0 

33 

6.6 

3.7 

37.5 

2.5 

28.5 

5.8 

15.4 

5.5 

52.4 

7.4 

30.8 

17.5 

10.7 

4.9 

47.6 

5.1 

23.7 

8.0 

2,480 

7.8 

1.9 

4.6 

66.5 

9.7 

i 0.9 

10.8 

4.6 

8.6 

72.3 

18.9 

1 2.0 

. 9.0 

3.4 

6.6 

64.3 

15.1 

' 1.6 

5 

1 Mostly  European  analyses. 
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Composition  of  feeding  stuffs — Continued. 


Feeding  stuff. 

Water. 

Ash. 

Pro- 

tein. 

1 

Fiber. 

Nitrogen- 

free 

extract. 

Fat. 

Num- 
ber of 
anayl- 
ses. 

WASTE  PRODUCTS— continued. 

Sugar-beet  pulp: 

Fresh — 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Minimum 

88.6 

0.1 

0.6 

1.9 

5.4 

0.1 

91.7 

0.7 

1.4 

2.6 

7.2 

0.6 

Average 

89.9 

0.4 

1.0 

2.2 

6.8 

0.2 

7 

Dry— 

3.6 

2.7 

8.  7 

17.3 

66.4 

0.7 

Maximum 

10.8 

4.1 

12.1 

22.4 

69.6 

1.7 

Average 

6.i 

3.3 

10.8 

19,8 

68.4 

1.3 

3 

MILK  AND  ITS  BY-PRODUCTS. 

Whole  milk: 

Minimum 

80.3 

0.4 

2.1 

2.1 

1.7 

Maximum 

90.7 

1.2 

6.4 

6.1 

6.5 

Average 

87.2 

0.7 

8.6 

4.9 

3.7 

793 

Skim  milk,  cream  raised  by  setting: 

88.3 

0.6 

2.6 

3.8 

0.2 

92.6 

1.0 

3.9 

6.5 

2.6 

90.4 

0.7 

3.3 

4.7 

0.9 

96 

Skim  milk,  cream  raised  by  separator: 

89.8 

91.2 

Average 

90.6 

0.7 

3.2 

6,2 

0.3 

9 

Buttermilk: 

Minimum 

82.2 

0.4 

1.  7 

2.5 

Maximum 

93.3 

0.9 

6.2 

5.6 

5.4 

Average 

91,0 

0.7 

3.0 

4.8 

0. 6 

85 

Whey: 

Minimum 

93.2 

0.3 

0.3 

4.4 

0.0 

Maximum 

94.6 

0.6 

1.2 

6.8 

0.2 

Average 

93.8 

0.4 

0.6 

6.1 

0.1 

46 

POULTRY  FOODS. 

Animal  meal: 

Minimum 

2.38 

33.39 

26. 20 

7. 26 

Maximum 

8. 38 

43.64 

48. 63 

21.80 

Average 

5.67 

39.88 

39.42 

10.73 

35 

Meat  or  beef  scrap: 

Minimum 

5. 40 

11.72 

36.69 

12. 31 

Maximum 

12.69 

21.70 

66. 81 

30. 90 

Average 

7.86 

17.39 

49.72 

18.61 

33 

Meat  or  beef  meal: 

Minimum 

6.08 

36. 10 

6.83 

Maximum 

6.44 

66.20 

19.50 

A verage 

6.27 

48.36 

12.80 

14 

Meat  and  bone: 

Minimum 

3.  79 

24.22 

5.89 

Maximum. 

9.  74 

68.  71 

13.06 

Average 

6. 68 

36. 66 

10.49 

7 

Bone  meal  (Bowker’s) 

34.00 

2.20 

Fresh  bone 

34. 20 

22. 80 

20.60 

1.90 

20.60 

Cut  bone 

26.29 

16.86 

16.20 

23.13 

Boiled  beef  bone: 

Minimum  - 

4. 10 

40. 76 

11.44 

Maximum 

8. 16 

48.09 

18.70 

Average 

6.68 

44.75 

17.11 

6 

Clover  meal:  Average 

7.77 

10.51 

1.86 

3 

H.  0.  Poultry  Food: 

Minimum 

6. 66 

2. 62 

15. 00 

2. 86 

60. 46 

4.67 

Maximum 

10. 80 

3.01 

17.88 

5. 13 

64. 35 

6.36 

Average 

8.49 

2.64 

16.83 

4.56 

62.01 

6.47 

20 

American  Poultry  Food: 

Minimum 

7.22 

2.  67 

8. 31 

4.  33 

60. 49 

4.82 

Maximum 

11.16 

2.96 

15. 53 

7.20 

63.47 

7.40 

Average 

9.16 

2.81 

13.22 

6.48 

63.18 

6.16 

24 

22 
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Sir  : I liavo  the  honor  to  transmit  herewith,  for  publication  as  a Farmers’  Bulle- 
tin, an  article  on  the  nutritive  value  and  iiecuuiary  economy  of  foods,  prepared  by 
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which  jirovides  funds  “ to  enable  the  Secretary  of  Agriculture  to  investigate  and 
report  upon  the  nutritive  value  of  the  various  articles  and  commodities  used  for 
human  food,”  with  suggestions  of  less  wasteful  and  more  economical  dietaries  than 
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ol‘  scientific  research  on  so  comidex  a subject  as  human  nutrition,  but  it  is  believed 
that  a careful  perusal  of  this  bulletin  will  at  least  enafile  the  reader  to  see  the  rela- 
tion between  the  nutritive  value  and  the  cost  of  foods,  and  will  greatly  aid  him  in 
understanding  the  discussion  of  other  phases  of  this  subject  in  succeeding  bulletins. 

Kespect  fully, 

A.  C.  True, 

Director. 

lion.  CiiAS.  AA".  Darney,  .Tr., 
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FOODS;  NUTRITIVE  VALUE  AND  COST. 


THE  NUTRIMENT  IN  FOOD  AND  HOW  IT  IS  USED  IN  THE  BODY. 

A quart  of  milk,  three-quarters  of  a pound  of  moderately  fat  beef, 
sirloin  steak  for  instance,  and  five  ounces  of  wheat  flour,  all  contain 
about  the  same  amount  of  nutritive  material;  but  we  pay  difierent 
prices  for  them  and  they  have  different  values  for  nutriment.  The 
milk  comes  nearest  to  being  a iierfect  food.  It  contains  all  of  the 
different  kinds  of  nutritive  materials  that  the  body  needs.  Bread 
made  from  the  wheat  flour  will  support  life.  It  contains  all  of  the 
necessary  ingredients  for  nourishment,  but  not  in  the  iiroportions  best 
adapted  for  ordinary  use.  A man  might  live  on  beef  alone,  but  it 
would  be  a very  one-sided  and  imperfect  diet.  But  meat  and  bread 
together  make  the  essentials  of  a healthful  diet.  Such  are  the  facts  of 
expei  ience.  The  advancing  science  of  later  years  explains  them.  This 
explanation  takes  into  account,  not  simply  quantities  of  meat  and  bread 
and  milk  and  other  materials  which  we  eat,  but  also  the  nutritive 
ingredients  or  ^‘nutrients”  which  they  contain. 

CHEMICAL  COMPOSITION  OF  FOOD  MATERIALS — QUANTITIES  OF 

NUTRIENTS. 

Edible  portion  and  refuse. — If  the  reader  will  take  the  pains  to  notice 
the  next  pie(;e  of  beef  that  he  has  to  carve  for  dinner  he  will  observe, 
first  of  all,  that  along  with  the  meat  which  is  good  to  eat  there  is  more 
or  less  of  bone,  which,  except  in  so  far  as  it  may  be  used  for  soup,  is  of 
no  value  for  food.  If,  however,  the  meat  man  has  already  cut  out  the 
bone,  only  the  edible  portion  will  be  left.  Beef,  then,  consists  of  edible 
portion  and  refuse.  The  same  is  true  of  fish,  in  which  the  boues  and 
entrails  and  sometimes  the  skin  are  the  refuse.  In  eggs  there  is  a cor- 
responding distinction  between  the  shells  and  the  so-called  meat.” 
The  inside  of  the  potato  and  the  wheat  flour  are  the  edible  portion, 
and  the  skin  and  bran  are  the  refuse  of  the  potato  and  wheat. 

If  we  weigh  the  whole  meat,  bone  and  all,  to  start  with,  and  after, 
ward  weigh  bone  and  meat  separately,  we  can  easily  calculate  the 
percentages  of  refuse  and  edible  portion.  The  proportions  of  refuse 
are  from  8 to  10  per  cent  in  a round  of  beef,  about  14  per  cent  in  eggs, 
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18  per  cent  in  a leg  of  mutton,  40  per  cent  in  chicken,  and  50  per  cent 
or  more  in  some  kinds  of  fish.  In  such  food  materials  as  milk,  flour, 
and  bread  there  is  of  course  no  refuse. 

Water  and  nutrients. — Meat  freed  from  bone,  milk,  and  flour  all  con- 
tain more  or  less  water.  This  can  be  dried  out  by  heating,  as  is  done 
in  the  chemical  analysis  of  food  materials.  The  i)roportious  of  water  in 
different  food  materials  vary  greatly.  Ordinary  flour  contains  about 
12i  per  cent,  or  one-eighth.  The  fatter  kinds  of  meat  have  from  15  to 
50  per  cent  and  the  leaner  meats  from  50  to  75  per  cent  of  water.  One- 
third  of  the  weight  of  bread  and  three-fourths  of  the  weight  of  potatoes 
consist  of  water.  The  water  in  all  these  substances  is  precisely  the 
same  as  any  other  water  and  has  no  more  value  for  nutriment. 

The  material  which  remains  in  the  edible  portion  of  tbe  food  after 
removal  of  the  water  is  called  by  chemists  water-free  substance.”  It 
includes  all  of  the  actually  nutritive  ingredients  or  nutrients  of  the  food. 
The  nutrients  are  of  several  kinds.  They  are  commonly  divided  into 
four  classes  called  protein,  fats,  carbohydrates,  and  mineral  matters. 
Water  permeates  all  parts  of  the  body  and  is  indispensable  for  nourish- 
ment, but  the  water  of  the  food  is  not  transformed  in  the  bod}^  as  are 
the  protein,  fats,  and  carbohydrates,  and  it  is  not  usually  taken  into 
account  in  estimates  of  nutritive  value. 

Protein. — Meat  consists  of  lean  and  fat.  Part  of  the  fat  is  in  large 
lumps,  which  can  be  easily  separated  from  the  lean.  Indeed,  we  often 
cut  out  the  fat  of  the  meat  which  is  served  on  our  plates  at  the 
table  and  reject  it.  But  a portion  of  the  fat  is  in  very  fine  particles 
diffused  throughout  the  lean.  Much  of  this  finely  divided  fat  is  in 
particles  so  small  as  to  be  invisible  to  the  naked  eye,  but  it  is  possible 
to  separate  them  very  completely  from  the  lean  by  processes  of  analy- 
sis common  in  the  laboratory.  After  the  water  and  the  fat  have  been 
removed  from  the  lean  meat,  the  material  which  remains  will  contain  a 
little  mineral  matter,  which  would  be  left  as  ash  if  it  were  burned  j the 
rest  consists  chiefly  of  so  called  protein  compounds.  The  protein  is  the 
chief  nutritive  constituent  of  fish  and  eggs  as  well  as  of  lean  meat. 
The  albumen  and  casein  of  milk  are  also  protein  compounds.  The 
gluten  of  wheat  consists  of  protein  comimunds.  These  compounds 
occur  in  corn,  beans,  potatoes,  and  indeed  all  kinds  of  vegetable  foods. 

One  trouble  in  speaking  of  these  substances  is  that  they  are  known 
by  so  many  different  names.  The  terms  nitrogenous  compounds,” 
‘‘  albuminoids,”  and  “ proteids  ” are  often  applied  to  them.  The  first 
term  is  very  proper,  because  the  protein  compounds  contain  the  element 
nitrogen,  which  is  not  found  in  the  other  classes  of  nutrients.  The  term 

albuminoids”  comes  from  albumen,  a substance  familiar  to  us  in  the 
white  of  egg,  and  is  applied  to  the  compounds  which  are  similar  to 
albumen.  Some  writers  prefer  the  word  ‘‘proteids”  for  substances  of 
this  class. 
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Along  with  the  muscle  the  meat  contains  tendon  and  cartilage,  which 
are  familiarly  called  gristle.  These  materials  and  the  ossein,  or  ‘^ani- 
mal matter”  of  bone,  are  very  similar  to  gelatin  (glue),  and  are  changed 
to  gelatin  on  heating  with  water.  They  are  hence  termed  gelatinoids. 
The  gelatinoids  are  the  principal  ingredients  of  tendon  and  similar 
tissues,  while  the  albuminoids  are  the  chief  ingredients  of  muscle. 

. There  is  still  another  class  of  nitrogenous  substances  in  meat,  which, 
though  small  in  quantity,  are  very  interesting.  They  are  known  in 
the  chemical  laboratory  as  creatin,  creatinin,  carnin,  etc.,  and  are 
grouped  together  as  extractives,”  because  they  are  extracted  from 
flesh  by  water.  They  are  the  chief  constituents  of  beef  tea  and  most 
meat  extracts. 

The  albuminoids  and  gelatinoids  may  be  properly  grouped  together 
as  proteids.  It  is  customary  to  use  the  term  protein  to  include 
albuminoids,  gelatinoids,  and  extractives. 

Fat. — Fat  is  familiar  to  us  in  meat,  from  which  we  get  it  in  the  form 
of  tallow  and  lard;  in  milk,  from  which  it  is  obtained  as  butter;  and 
in  the  various  vegetable  oils,  such  as  olive  oil,  cotton  seed  oil,  and  the 
oils  of  wheat  and  corn.  Larger  or  smaller  proportions  of  fat  are  found 
in  most  food  materials. 

Carbohydrates. — Potatoes,  wheat,  and  corn  contain  large  proportions 
of  starch.  Sugar  cane  and  sorghum  are  rich  in  sugar.  Starch  and 
sugar  are  very  similar  in  chemical  composition  and  are  called  carbo- 
hydrates. Other  carbohydrates  are  found  in  animals  and  plants,  such 
as  glycogen  or  ‘‘animal  starch,”  which  is  found  in  the  liver,  and  cellu- 
lose, which  occurs  in  plants. 

Ash. — The  mineral  matter,  or  ash,  which  is  left  behind  when  animal 
or  vegetable  matter  is  burned,  consists  of  a variety  of  chemical  com- 
pounds commonly  called  salts,  and  includes  phosphates,  sulphates, 
and  chlorides  of  the  metals,  calcium,  magnesium,  potassium,  and  sodium. 
Calcium  x^hosphate,  or  i)hosi)hate  of  lime,  is  the  chief  mineral  constit- 
uent of  bone.  Common  salt  is  chloride  of  sodium. 

These  substances  are  sei^arated  from  each  other  in  the  laboratory  by 
various  methods  of  analysis.  The  everyday  handling  of  food  materials 
also  involves  crude  processes  of  analysis. 

We  let  milk  stand;  the  globules  of  fat  rise  in  cream,  still  mingled, 
however,  with  water,  protein,  carbohydrates,  and  mineral  salts.  To 
separate  the  other  ingredients  from  the  fat,  the  cream  is  churned.  The 
more  perfect  this  sex^aration — i.  e.,  the  more  accurate  the  analysis — the 
better  will  be  the  butter.  Put  a little  rennet  into  the  skimmed  milk 
and  the  casein,  called  in  chemical  language  an  albuminoid  or  protein 
compound,  will  be  curdled  and  maybe  freed  from  the  bulk  of  the  water, 
sugar,  and  other  ingredients  by  the  cheese  x>ress.  To  separate  milk 
sugar,  a carbohydrate,  from  the  whey  is  a simx^le  matter.  One  may 
see  it  done  by  Swiss  shepherds  in  their  Alpine  huts.  But  farmers 
find  it  more  profitable  to  put  it  in  the  pigpen,  the  occupants  of  which 
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are  endowed  with  the  happy  faculty  of  transforming  the  sugar,  starch, 
and  other  carbohydrates  of  their  food  into  the  fat  of  pork. 

The  farm  boy  who  on  cold  winter  mornings  goes  to  the  barn  to  feed 
the  cattle,  and  solaces  himself  by  taking  grain  from  the  wheat  bin  and 
chewing  it  into  what  he  calls  wheat  gum,”  makes,  unknowingly,  a 
rough  sort  of  analysis  of  the  wheat.  With  the  crushing  of  the  grain  and 
the  action  of  saliva  in  his  mouth  the  starch,  sugar,  and  other  carbo- 
hydrates are  separated.  Some  of  the  fat,  i.  e.,  oil,  is  also  removed,  and 
finds  its  way  with  the  carbohydrates  into  the  stomach.  The  tenacious 
gluten,  which  contains  the  albuminoids  or  protein  and  constitutes  what 
he  calls  the  gum,  is  left.  When,  in  the  natural  order  of  events,  the  cows 
are  cared  for  and  the  gum  is  swallowed,  its  albuminoids  enter  upon  a 
round  of  transformation  in  the  boy’s  body,  in  the  course  of  which  they  are 
changed  into  other  forms  of  protein,  such  as  albumen  of  blood  or  myosin 
of  muscle;  or  are  consumed  with  the  oil  and  sugar  and  starch  to  yield 
heat  to  keep  his  body  warm  and  give  him  muscular  strength  for  his 
work  or  play. 

What  has  been  said  of  the  ingredients  of  food  may  be  briefly  reca- 
l)itulated  as  follow^s: 

Ordinary  food  materials,  such  as  meat,  fish,  eggs,  potatoes,  wheat, 
etc.,  consist  of — 

Eefuse. — As  the  bones  of  meat  and  fish,  shells  of  shellfish,  skin  of 
l)otatoes,  bran  of  wheat,  etc. 

Edible  portion. — As  the  flesh  of  meat  and  fish,  the  white  and  yolk  of 
eggs,  wheat  flour,  etc.  The  edible  portion  consists  of  ivater  and  nntri- 
tive  ingredients  or  nutrients. 

The  i)rincipal  kinds  of  nutritive  ingredients  are  protein^  fats,  carbo- 
hydrates, and  mineral  matters. 

The  water,  refuse,  and  salt  of  salted  meat  and  fish  are  called  non- 
nutrients. In  comi^aring  the  values  of  difierent  food  materials  for 
nourishment  they  are  left  out  of  account. 


CLASSES  OF  NUTRIENTS. 


The  following  are  familiar  examples  of  compounds  of  each  of  the  four 
X)rincipal  classes  of  nutrients : 

Albuminoids,  e.  g.,  albumen  (white  of  eggs) ; casein  (curd)  of 
milk;  myosin,  the  basis  of  muscle  (lean  meat);  gluten  of 
Proteuls.  ■(  wlieat,  etc. 

Gelatinoids,  e,  g.,  collagen  of  tendons;  ossein  of  bones;  which 
Protein.  <(  I yield  gelatin  or  glue,  etc. 

I Meats  and  fish  contain  very  small  quantities  of  so-called  “extractives.” 
They  include  kreatin  and  allied  compounds,  and  are  the  chief  ingre- 
dients of  beef- tea  :nid meat-extract.  They  contain  nitrogen,  and  hence 
( are  commonly  classed  with  protein. 

Fats,  e.  g.,  fat  of  meat;  fat  (butter)  of  milk;  olive  oil;  oil  of  corn,  wheat,  etc. 
Carhohydrates,  e.  g.,  sugar,  starch,  cellulose  (woody  fiber),  etc. 

Mineral  matters,  e.  g.,  phosphate  of  lime,  sodium  chloride  (common  salt),  etc. 
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HOW  FOOD  IS  USED  IN  THE  BODY. 

Blood  and  muscle,  bone  and  tendon,  brain  and  nerve — all  the  organs 
and  tissues  of  the  body — are  built  from  the  nutritive  ingredients  of 
food.  With  every  motion  of  the  body,  and  \Yith  the  exercise  of  feeling 
and  tliought  as  well,  material  is  consumed  and  must  be  resupplied 
by  food.  In  a sense,  the  body  is  a machine.  Like  other  machines  it 
requires  material  to  build  up  its  several  parts,  to  repair  them  as  they 
are  worn  out,  and  to  serve  as  fuel.  In  some  ways  it  uses  this  material 
like  a machine;  in  others  it  does  not.  The  steam  engine  gets  its  power 
from  fuel;  the  body  does  the  same.  In  the  one  case  coal  or  wood,  in 
the  other  food,  is  the  fuel.  In  both  cases  the  energy  which  is  latent  in 
the  fuel — the  potential  energy,  as  it  is  called  in  scientific  language — is 
transformed  into  heat  and  power.  Wlien  the  coal  is  burned  in  the  fur- 
nace a part  of  its  potential  energy  is  transformed  into  the  mechanical 
power  which  the  engine  uses  for  its  work;  the  rest  is  changed  to  heat 
which  the  engine  does  not  utilize  and  which,  therefore,  is  wasted.  The 
X)otential  energy  of  the  food  is  transformed  in  the  body  into  heat  and 
mechanical  power.  The  heat  is  used  to  keep  the  body  warm.  The 
mechanical  power  is  employed  for  muscular  work.  The  material  of 
which  the  engine  is  built  is  very  difierent  irom  that  which  it  uses  fov' 
fuel,  but  part  of  the  material  which  serves  the  body  for  fuel  also  builds 
it  up  and  keeps  it  in  repair.  Furthermore,  the  body  uses  its  own  sub- 
stance for  fuel.  This  the  steam  engine  can  not  do  at  all.  The  steam 
engine  and  the  body  are  alike  in  that  both  convert  the  fuel  into  heat 
and  mechanical  power.  They  differ  in  that  the  body  uses  the  same 
material  for  fuel  as  for  building  and  also  consumes  its  own  material  for 
fuel.  In  its  use  of  fuel  the  body  is  much  more  economical  than  any 
engine. 

The  body  is  more  than  a machine.  We  have  not  simply  organs  to 
build  and  keep  in  repair  and  suppl}^  with  energy;  we  have  a nervous 
organization;  we  have  sensibilities  and  the  higher  intellectual  and 
spiritual  faculties,  and  the  right  exercise  of  these  depends  upon  the 
right  nutrition  of  the  body. 

The  chief  uses  of  food,  then,  are  two:  (I)  To  form  the  material  of  the 
body  and  repair  its  wastes;  (2)  to  yield  heat  to  keep  the  body  warm 
and  muscular  and  other  power  for  the  work  it  has  to  do.  In  forming 
the  tissues  and  the  tluids  of  the  body  the  food  serves  for  building  and 
repair.  In  yielding  heat  and  i>ower  it  serves  as  fuel. 

The  difierent  nutriemts  of  food  serve  the  body  in  difierent  ways. 
The  principal  tissue  formers  are  the  protein  compounds,  especially  the 
albuminoids.  These  make  the  fiesli  of  the  body.  They  build  up  and 
repair  the  nitrogenous  materials,  as  the  muscles  and  tendons,  and  sup- 
ply the  albuminoids  of  the  blood,  milk,  and  other  fluids.  The  chief 
fuel  ingredients  of  the  food  are  the  carbohydrates  and  fats.  These  are 
either  consumed  in  the  body  when  the  food  is  eaten  or  they  are  stored 
as  fat  to  be  used  as  occasion  demands. 
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The  albumen  of  eggs,  the  casein  of  milk  and  cheese,  the  gluten  of 
wheat,  the  myosin  of  lean  meat,  and  the  other  albuminoids  of  food  are 
transformed  into  the  albuminoids  and  gelatinoids  of  the  body.  Muscle, 
tendon,  and  cartilage  are  made  of  albuminoids. 

The  albuminoids  of  food  also  serve  as  fuel.  A dog  can  live  on  lean 
meat;  he  can  convert  it  into  muscle,  heat,  and  muscular  power.  The 
gelatinoids  of  food,  as  the  finer  particles  of  tendon  and  the  gelatin, 
which  is  dissolved  out  of  bone  and  meat  in  making  soup,  though  some- 
what similar  to  the  albuminoids  in  composition,  are  not  tissue  formers. 
But  they  are  used  as  fuel  and  hence  are  valuable  nutrients. 

The  albuminoids  are  sometimes  called  flesh  formers”  or  ‘^muscle 
formers”  because  the  lean  flesh,  the  muscle,  is  made  from  them. 

The  starch  of  bread  and  potatoes,  and  sugar,  are  burned  in  the  body 
to  yield  heat  and  power.  The  fats,  such  as  the  fat  of  meat  and  butter, 
serve  the  same  purpose,  only  they  are  a more  concentrated  fuel  than  the 
carbohydrates. 

The  fats  of  the  food  are  stored  in  the  body.  The  body  also  trans- 
forms the  carbohydi'ates  of  food  into  fat.  This  fat,  and  with  it  that 
stored  from  the  fat  of  food,  is  kept  in  the  body  as  a reserve  of  fuel  in 
the  most  concentrated  form.  One  chief  use  of  the  fat  stored  in  the  body 
is  for  fuel,  to  be  drawn  on  in  case  of  need. 

The  different  nutrients  can  to  a greater  or  less  extent  do  one  another’s 
work.  If  the  body  has  not  enough  of  one  for  fuel  it  can  use  another. 
But  while  the  protein  can  be  burned  in  the  place  of  fats  and  carbohy- 
drates, neither  of  the  latter  can  take  the  place  of  the  albuminoids  in 
building  and  repairing  the  tissues.  At  the  same  time  the  gelatinoids, 
fats,  and  carbohydrates,  by  being  consumed  themselves,  protect  the 
albuminoids  from  consumption. 

THE  FUEL  VALUE  OF  FOOD. 

Heat  and  muscular  power  are  forms  of  force  or  energy.  The  energy 
is  developed  as  the  food  is  consumed  in  the  body.  It  is  measured  in 
the  laboratory  by  means  of  an  apparatus  called  the  calorimeter.  The 
unit  commonly  used  is  the  calorie,  the  amount  of  heat  which  would 
raise  the  temperature  of  a pound  of  water  four  degrees  Fahrenheit. 

Taking  ordinary  food  materials  as  they  come,  the  following  general 
estimate  has  been  made  for  the  average  amount  of  heat  and  energy  in 
1 pound  of  each  of  the  classes  of  nutrients : 

Calories. 


In  1 pound  of  protein 1,860 

In  1 pound  of  fats 4,  220 

In  1 pound  of  carbohydrates 1,  860 


In  other  words,  when  we  compare  the  nutrients  in  respect  to  their 
fuel  values,  their  capacities  for  yielding  heat  and  mechanical  power,  a 
pound  of  protein  of  lean  meat  or  albumen  of  egg  is  just  about  equiva- 
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lent  to  a pound  of  sugar  or  starch,  and  a little  over  2 pounds  of  either 
would  be  required  to  equal  a pound  of  the  fat  of  meat  or  butter  or  the 
body  fat. 

Before  the  invention  of  matches,  blacksmiths  used  to  start  their  fires 
with  iron  heated  by  hammering.  The  heating  of  the  iron  was  a case 
of  the  conversion  of  one  form  of  energy  into  another.  The  muscular 
energy  of  the  blacksmith’s  arm  was  transformed  into  the  mechanical 
energy  of  the  descending  hammer  5 when  the  hammer  struck,  the  energy 
was  imparted  to  the  iron,  where  it  was  transmuted  into  heat,  and  the 
iron  became  red-hot.  The  energy  came  from  the  blacksmith’s  food. 
Just  how  all  the  energy  of  the  food  is  disposed  of  in  the  body,  experi 
mental  science  has  not  yet  told  us.  But  it  is  certain  that  i)art  of  it  is 
converted  into  heat  and  part  into  the  mechanical  energy  exerted  by 
the  muscles.  Some  of  it  may  be  transformed  into  electricity. 

There  is  no  doubt  that  intellectual  activity,  also,  is  somehow  depend- 
ent upon  the  cousnmption  of  material  which  the  brain  has  obtained 
from  the  food,  but  just  what  substances  are  consumed  to  ju’oduce  brain 
and  nerve  force,  and  how  much  of  each  is  required  for  a given  quan- 
tity of  intellectual  labor,  are  questions  which  the  chemist’s  balance 
and  calorimeter  do  not  answer. 

The  coal  and  wood  we  burn,  the  i)lants  we  grow,  the  food  we  eat,  and 
the  reserve  materials  in  our  bodies  are  reservoirs  of  latent  energy. 
Tlie  source  of  that  energy  is  the  sun.  The  science  of  later  years  is 
explaining  how  the  energy  of  the  sun  warms  and  lights  our  planet; 
how  it  is  stored  in  coal  and  petroleum  and  wood;  and  how  it  is  trans- 
formed into  the  heat  of  the  furnace,  the  light  of  the  lamp,  the  mechan- 
ical imwer  of  steam,  or  into  electricity  and  then  into  light  or  heat  or 
mechanical  power  again.  The  same  energy  from  the  sun  is  stored  in 
the  protein  and  fats  and  carbohydrates  of  food,  and  the  physiologists 
to-day  are  telling  us  how  it  is  transmuted  into  the  heat  that  warms  our 
bodies  and  into  strength  for  our  work  and  thought. 

What  has  been  said  above  about  the  ways  in  which  our  food  nour- 
ishes us  may  be  briefly  summarized  as  folloAvs : 

WAYS  IN  WHICH  food  is  used  in  the  body. 

Food  supplies  the  wants  of  the  body  in  several  ways.  It  either — 

Is  used  to  form  the  tissues  and  fluids  of  the  body; 

Is  used  to  repair  the  wastes  of  tissues; 

Is  stored  in  the  body  for  future  consumption; 

Is  consumed  as  fuel,  its  potential  energy  being  transformed  into 
heat  or  muscular  energy,  or  other  forms  of  energy  required 
by  the  body;  or. 

In  being  consumed  jirotects  tissues  or  other  food  from  con- 
sumption. 
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USES  OF  THE  DIFFERENT  CLASSES  OF  NUTRIENTS. 


I All  yield  energy  in  form 
y of  beat  and  inuscnlar 
strength. 


Protein  forms  tissue  (muscle,  tendon,  etc.,^ 
and  fat)  and  serves  as  fuel.  I 

Fats  form  fatty  tissue  (not  muscle,  etc.) 
and  serve  as  fuel. 

Carbohydrates  are  transformed  into  fat 
and  serve  as  fuel.  j 

In  being  themselves  burned  to  yield  energy  the  nutrients  protect 
each  other  from  being  consumed.  The  i^rotein  and  fats  of  body  tissue 
are  used  like  those  of  food.  An  important  use  of  the  carbohydrates 
and  fats  is  to  protect  protein  (muscle,  etc.)  from  consumption. 


DEFINITION  OF  FOOD  AND  FOOD  ECONOMY. 


The  views  thus  presented  lead  to  the  following  definitions:  (1)  Food 
is  that  which,  taken  into  the  body,  builds  tissues  or  yields  energy; 
(12)  the  most  healthful  food  is  that  which  is  best  fitted  to  the  wants  of 
the  user;  (3)  the  cheapest  food  is  that  which  furnishes  the  largest 
amount  of  nutriment  at  the  least  cost;  (4)  the  best  food  is  that 
which  is  both  most  healthful  and  cheapest. 

We  have,  then,  to  consider  the  kinds  and  amounts  of  nutrients  in 
different  food  materials,  their  digestibility,  and  the  kinds  and  amounts 
needed  for  nourishment  by  people  doing  different  kinds  of  work. 

NUTRITIVE  VALUES  OF  DIFFERENT  FOOD  MATERIALS. 

The  nutritive  value  of  foods  depends  mainly  upon  the  amounts  and 
proportions  of  actually  nutritive  materials  which  they  contain.  Of 
course  the  digestibility  and  the  ways  in  which  they  “agree  and  dis- 
agree” with  different  people  are  important  factors  of  the  nutritive 
value.  We  will  consider  first  the  chemical  composition. 

COMPOSITION  OF  FOOD  MATERIALS. 


Table  A,  page  20,  gives  the  percentages  of  nutrients  and  the  calories 
of  energy  found  by  analysis  of  specimens  of  difierent  food  materials. 
Chart  1,  ])age  11,  shows  the  composition  of  a smaller  number,  the  nutri- 
ents, water,  and  refuse  being  indicated  by  bands,  and  the  energy  by 
black  lines. 

In  considering  the  table  and  chart  it  must  be  remembered  that 
many  of  our  food  materials  as  they  are  bought  in  the  market  include, 
jilong  with  the  edible  portion,  more  or  less  of  what  is  called  refuse, 
like  the  bone  of  meat,  the  shells  of  eggs,  and  skin  of  potatoes.  The 
‘table  and  chart  show  the  composition  of  these  materials  as  we  buy 
them  and  also  the  composition  of  the  edible  iiortion.  Materials  like 
milk,  fiour,  and  bread  have  no  refuse. 


Edible  portion,  without  refuse.  Materials  as  piircbased,  inclraL'iig  refn.se. , 
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Rice 


Potatoes 


Sugar 


Chart  1.— COMPOSITION  OF  FOOD  MATERIALS. 


Mutton,  leg 
Pork,  very  fat  . 
Codiisli,  dressed 
Mackerel,  Avliole 


Salmon,  whole 


Oysters,  in  shell 


Reef,  round 


Beef,  sirloin 


Mutton,  leg 


Codfish 


Mackerel 


Oysters 


Cow’s  milk 


Cheese 


Butter 


Wheat  bread 


Wheat  flour 


Corn  meal 


Oatmeal 


Beans 


Protein. 


Flesh  forming 
substances. 


Fats.  Carbo- 
hydrates. 

Fuel  ingredients 


Nutrients,  etc.,  per  ct 
Fuel  value,  calories 

f 

Beef,  round 


Beef,  sirloin 


Nutritive  ingredients,  refuse,  and  fuel  value. 

Nutrients.  Non -nutrients. 


Calories. 


Water. 


Refuse. 
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Another  important  consideration  is  tlie  amount  of  water  in  the  edible 
portion  of  the  food,  as  also  may  be  seen  in  Table  A.  In  general, 
animal  foods  contain  the  most  water  and  vegetable  foods  the  most 
nutrients,  though  potatoes  and  turnips  are  exceptions,  the  former  being 
three-fourths  and  the  latter  nine-tenths  water.  Butter,  on  the  other 
hand,  though  one  of  the  animal  foods,  generally  has  ten  or  more  per 
cent  of  water.  The  milk  from  which  it  is  made  is  not  far  from  seven- 
eighths  water.  Meats  have  more  water  in  proportion  as  they  have  less 
fats,  and  vice  versa^  the  fatter  the  meat  the  less  the  amount  of  water  in  it. 
Thus,  very  lean  beef  (the  muscle  of  a lean  animal  from  which  the  fat  has 
been  trimmed  off*)  may  have  78  j^er  cent  of  water  and  only  22  per  cent 
of  nutrients.  The  rather  fat  sirloin  may  have  two-fifths,  and  very  fat 
pork  one-tenth  or  less  of  water.  The  flesh  of  fish  is  in  general  more 
watery  than  ordinary  meats,  that  of  salmon  being  five-eighths  water, 
codfish  over  four-fifths,  and  flounder  over  six-sevenths.  Flour  and  meal 
have  but  little  water,  and  sugar  when  well  dried  has  almost  none. 

In  examining  the  i^roi^ortions  of  individual  nutrients,  protein,  fats, 
and  carbohydrates,  the  most  striking  fact  is  the  difference  between  the 
meats  and  fish  on  the  one  hand  and  the  vegetable  foods  on  the  other. 
The  vegetable  foods  are  rich  in  carbohydrates,  like  starch  and  sugar, 
while  the  meats  have  not  enough  to  be  worth  mentioning.  On  the 
other  hand,  the  meats  abound  in  protein  and  fats,  of  which  the  vege- 
table foods  usually  have  but  little.  Beans  and  oatmeal,  however,  are 
rich  in  protein,  while  fat  pork  has  very  little. 

In  the  first  glance  at  a table  like  this  people  sometimes  obtain  a wrong 
impression.  For  instance,  rice  consists  of  about  seven-eighths  and 
potatoes  only  one-fourth  nutritive  materials.  The  first  inference  is  that 
rice  is  more  than  three  times  as  nutritious  as  potatoes.  In  one  sense 
this  is  true;  that  is  to  say,  a pound  of  rice  contains  more  than  three 
times  as  much  nutrients  as  a pound  of  potatoes.  But  if  we  take  enough 
of  potatoes  to  furnish  as  much  nutritive  material  as  the  pound  of  rice^ 
the  composition  and  iiutritive  value  of  the  two  will  be  just  about  the 
same.  In  cooking  the  rice  we  mix  water  with  it,  and  may  thus  jiiake  a 
material  not  very  different  in  composition  from  potatoes.  By  drying  the 
potatoes  they  could  be  made  very  similar  in  composition  and  food 
value  to  rice.  Taken  as  we  find  them,  a pound  of  rice  and  31  pounds 
of  potatoes  would  contain  nearly  eipial  weights  of  each  class  of  nutri- 
ents and  would  have  about  the  same  nutritive  value. 

The  fats  have,  weight  for  weight,  about  two  and  one-fourth  times  the 
potential  energy  of  either  the  protein  or  the  carbohydrates.  Water  has 
no  potential  energy.  Hence  the  food  materials  which  have  the  most 
fat  and  the  least  Avater  have  the  highest  fuel  value.  Butter  and  fat 
pork  consist  almost  exclusively  of  fat.  They  lead  the  other  food  mate- 
rials in  fuel  value.  Lard,  suet,  and  olive  oil  have  even  less  water,  and 
hence  exceed  the  butter  in  tliis  respect.  Oleomargarine  (see  Table  A) 
has  about  the  same  composition,  fuel  value  and  food  value,  as  butter. 
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The  different  kinds  of  meat  differ  even  more  in  proportions  of  fat 
than  one  would  suppose  from  their  appearance.  The  figures  given  in 
these  tables  represent  the  averages  of  analyses  thus  far  made  of  Amer- 
ican meats.  Comparatively  few  samples  have  been  analyzed,  however, 
and  probably  future  investigations  will  change  these  figures  more  or 
less.  Indeed  meats  are  so  variable  in  composition  that  it  is  very  diffi- 
cult to  say  just  what  are  the  average  figures.  Generally  speaking, 
veal  is  the  leanest  and  pork  the  fattest  of  ordinary  meats.  Mutton  is 
apt  to  be  a little  fatter  than  beef.  Of  the  different  cuts  of  beef  the  loin, 
rump,  and  shoulder  are  among  the  leanest,  while  the  ribs  and  flank  are 
the  fattest.  Mutton  and  lamb  furnish  about  the  same  amount  of  protein 
and  have  the  same  fuel  value  as  the  fatter  cuts  of  beef.  The  loin  is  the 
fatter  part  of  beef  and  mutton.  This  is  esi^ecially  the  case  with  mut- 
ton, because  the  leaf  fat  is  usually  included  with  the  loin  as  it  is  sold  in 
the  markets,  while  in  the  case  of  beef  the  tallow  and  suet,  and  in  the 
case  of  swine  the  leaf  lard,  are  cut  out.  Pork  is  so  much  fatter  than 
the  flesh  of  beef  and  mutton  that  even  the  strictly  ‘Gean  cuts,’’  as  the 
lean  after  the  removal  of  the  leaf  is  called,  contain  relatively  as  much 
fat  as  the  fattest  cuts  of  other  meats.  The  case  is  similar  with  smoked 
ham,  though  the  large  proportion  of  fat  is  due  in  part  to  the  loss  of 
water  in  preparation.  Among  the  prepared  meats,  canned  corn  beef, 
which  is  ordinarily  cooked  before  canning,  is  worthy  of  especial  notice. 
It  has  a large  amount  of  both  protein  and  fats.  Like  most  other  kinds 
of  canned  meats,  the  corned  beef  is  free  from  bone.  It  furnishes  more 
protein,  pound  per  pound,  than  most  kinds  of  fresh  beef,  and  stands 
very  high  in  fuel  value. 

Chicken  and  turkey  have  less  fat  than  the  fatter  meats.  In  spite 
of  their  large  amount  of  refuse,  bone,  etc.,  they  furnish  quite  large 
quantities  of  protein. 

Fish  have  in  general  so  much  refuse  and  the  flesh  contains  so  much 
water  that  the  proportions  of  nutrients  are  smaller  than  in  ordinary 
meats.  The  white-fleshed  fish,  as  cod  and  haddock,  have  very  little  fat. 
Fish  with  darker  meats,  such  as  shad  and  mackerel,  are  rich  in  fats. 
Salmon  has  considerable  fat  and  approaches  beef  in  composition.  The 
difference  in  composition  between  dry  salt  cod  and  fresh  cod  is  due 
chiefly  to  the  loss  of  water  in  the  drying  and  salting.  Many  persons 
are  surprised  to  learn  that  oysters  have  about  the  same  proportions  of 
nutrients  as  milk.  Indeed,  there  is  very  little  difference  in  the  nutritive 
values  of  the  two  when  estimated  by  the  quantities  of  nutrients  and 
energy.  Milk  is,  however,  more  nearly  a perfect”  or  normal”  food, 
if  it  is  right  to  call  any  single  food  perfect  or  normal.  Oysters  are  so 
richly  prized  because  of  their  flavor.  Cheese  made  of  whole  milk  con- 
tains nearly  all  of  the  nutrients  of  the  milk  except  the  milk  sugar,  and 
hence  comes  very  nearly  being  a concentrated  form  of  milk.  Cheese 
made  of  skim  milk  has  less  fat,  and  hence  relatively  more  i>roteiu. 

Among  the  vegetable  foods  the  chief  differences  to  notice  are  the  pro- 
portions of  water  and  of  protein.  The  quantities  of  water  range  from 
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90  per  center  more  in  beets  and  turnips  to  as  low  as  10  per  cent  in  some 
kinds  of  flour.  In  general,  dry  seeds,  like  wheat,  corn,  and  beans,  and 
the  different  kinds  of  flour  and  meal  prepared  from  them,  contain  not 
far  from  one-eighth  water  and  seven-eighths  nutrients.  Beans  and  peas 
contain  the  largest  proportions  of  protein,  and  corn  meal,  potatoes,  rice, 
turnips,  and  beets  the  least.  Among  the  cereals  wheat  is  the  richest 
in  protein.  Doubtless  this  is  one  chief  reason  why  it  is  so  largely  used 
for  food.  Oatmeal  has  rather  more  protein  than  Avheat  flour. 

The  comparison  of  wheat  bread  with  wheat  flour  is  interesting. 
The  chief  difference  in  the  composition  of  flour  and  bread  is  the  pro- 
portion of  water,  which  makes  about  one-eighth  the  weight  of  flour  and 
one  third  tliat  of  the  bread.  The  average  composition  of  wheat  flour 
and  the  bakers’  bread  made  from  it  is  about  as  follows: 


Compaf'ison  of  flour  and  bread. 


AVater. 

Nutrients. 

Fuel 
value  of 

1 pound. 

Total. 

1 1 

! Protein.  ■ Fats. 

1 ! 

1 Carbohy- 
drates. 

Mineral 

matters. 

Wheat  flour. 

Baker. s'  bread 

Per  cent. 
12 
32  1 

1 Per  cent. 
88 
68 

Per  cent.  \ Per  cent. 
12  j 1 

9 1 2 

1 

Per  cent. 
74 

Per  cent. 

1 

Calories. 
1,  640 
1,300 

In  making  the  bread,  a little  butter  or  lard,  salt,  and  yeast,  and  con- 
siderable water,  either  by  itself  or  in  milk,  are  added  to  the  flour.  The 
yeast  causes  carbohydrates  (sugar,  etc.)  to  ferment,  yielding  alcohol 
and  carbonic  acid  in  the  form  of  gas,  which  makes  the  dough  porous. 
In  the  baking,  the  alcohol  is  changed  to  vapor  and  the  carbonic  acid  is 
expanded,  making  bread  still  more  porous,  and  both  are  mostly  driven 
ofl*.  Part  of  the  water  escapes  with  them.  The  amount  of  sugar  and 
other  carbohydrates  lost  by  the  fermentation  is  not  very  large,  gen- 
erally from  li  to  2 per  cent  of  the  weight  of  the  flour  used.  With 
increase  in  the  proportion  of  water  in  the  bread  as  compared  with  the 
flour  the  proportion  of  nutrients  is  diminished,  but  the  addition  ot 
shortening  and  salts  brings  up  the  fat  and  minerals  in  the  bread,  so 
that  the  proportions  are  larger  than  in  the  flour.  In  iDractice  100  imunds 
of  flour  will  make  from  133  to  137  pounds  of  bread,  an  average  being 
about  130  pounds. 

Flour,  such  as  is  used  by  bakers,  is  now  purchased  in  the  Eastern 
states  at  not  over  $4  per  barrel.  This  would  make  the  cost  of  the 
flour  in  a pound  of  bread  about  1 J cents.  Allowing  one-half  cent  for 
the  shortening  and  salt,  which  is  certainly  very  liberal,  the  materials 
for  a pound  of  bread  would  cost  not  more  than  2 cents.  Of  course 
there  should  be  added  to  this  the  cost  of  labor,  rent,  interest  on  invest- 
ment, expense  of  selling,  etc.,  to  make  the  actual  cost  to  the  baker. 

Very  few  accurate  weighings  and  analyses  of  bakers’  bread  have  been 
mad(i  in  this  country,  so  far  as  I am  aware,  but  the  above  statements 
represent  the  facts  as  nearly  as  I have  been  able  to  obtain  them. 
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The  average  weight  of  a number  of  specimens  of  10-cent  loaves 
purchased  in  Middletown,  Conn.,  was  pounds.  This  makes  the  price 
to  the  consumer  8 cents  per  i:)ound.  The  price  of  bread  and  the  size  ot 
the  loaf  are  practically  the  same  now  as  when  flour  cost  twice  as  much. 

The  cost  of  bakers’  bread  is  a comparatively  small  matter  to  the  per- 
son who  only  buys  a loaf  now  and  then,  but  in  the  Eastern  States  and 
in  the  larger  towns  throughout  the  country  many  people,  and  especially 
those  with  moderate  incomes  and  the  poor,  buy  their  bread  of  the  baker. 
Six  cents  a pound,  or  even  half  that  amount,  for  the  manufacture  aud 
distribution  seems  a very  large  amount. 

In  the  large  cities  competition  has  made  bread  much  cheaper,  but  even 
there  the  difference  between  the  cost  of  bread  to  the  well-to-do  family 
who  bake  it  themselves  and  to  the  family  of  the  x^oor  man  who  buys  it 
of  the  baker  is  unfortunately  large. 

THE  DIGESTIBILITY  OF  FOOD. 

‘‘We  live  not  upon  what  we'eat,  but  upon  what  we  digest.  ” In  other 
words,  the  value  of  food  for  nutriment  depends  not  only  on  how  much 
of  nutrients  it  contains,  but  also  ux^on  how  much  of  these  the  body 
digests  and  uses  for  its  support. 

By  digestibility  of  food  several  different  things  are,  or  may  be, 
meant.  Some  of  tliese,  as  the  ease  with  which  a given  food  material 
is  digested,  the  time  required  for  the  process,  the  influence  of  different 
substances  and  conditions  on  digestion,  and  the  effects  upon  health  and 
comfort  are  so  dependent  ux)on  the  x^eculiarities  of  different  individuals, 
and  are  so  difficult  of  measurement  as  to  make  the  laying  down  of  hard- 
and-fast  rules  imx^ossible.  For  our  x^resent  purx>ose,  the  most  important 
factor  is  the  amount  digested.  This,  fortunately,  is  more  easy  to  deter- 
mine. Understanding  by  the  digestibility  of  a food  the  x>roportions  of 
each  of  the  nutrients  which  can  be  actually  digested  by  healthy  persons, 
the  question  can  be  answered  more  or  less  accurately  by  exxieriment. 

Btieflj^  exx^ressed,  the  method  consists  in  weighing  and  analyzing  both 
the  food  consumed  and  the  solid  excrement.  Since  the  latter  represents 
the  amount  of  food  undigested  and  unassimilated,  the  difference  is 
taken  as  the  amount  digested.  A large  number  of  such  tests  of  the 
digestion  of  feeding  stuffs  by  domestic  animals  have  been  made  in 
European,  and  of  late  in  American,  experiment  stations.  The  number 
of  exxieri'uientsuxion  the  digestibility  of  food  of  man  is  small.  Scarcely 
more  than  a liundred  reliable  series  have  been  reported.  The  very  large 
majority  of  them  have  been  made  in  Germany,  most  of  them  with 
healthy  men. 

The  results  may  be  briefly  summarized  as  follows: 

(1)  The  xu'otein  of  our  ordinary  meats,  fish,  and  milk  is  very  readily 
and  completely  digested.  The  x^rotein  of  vegetable  foods  is  much  less 
completely  digested  than  that  of  animal  foods.  Of  that  of  x)otatoes, 
whole  wheat,  and  rye  flour  one-fourth,  or  even  one-third,  may  escaiie 
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digestion,  and  thus  be  useless  for  nourishment.  Eonghly  speaking, 
one-sixth  or  one-seventh  of  the  protein  of  wheat  flour,  corn  meal,  beans, 
and  peas  may  be  assumed  to  be  undigested  when  cooked  and  eaten  in 
the  usual  way. 

(2)  Much  of  the  fats  of  animal  food  may  at  times  fail  of  digestion. 
This  IS  presumably  true  of  vegetable  fats,  but  the  quantities  are  in 
general  so  small  that  the  determinations  of  the  proportions  digested 
are  not  very  accurate.  The  experiments  thus  far  made  imply  that  per- 
haps 5 per  cent  of  the  fat  of  meats,  eggs,  milk,  butter,  oleomargarine 
and  lard  will  escape  digestion  as  they  are  ordinarily  eaten. 

(3)  The  carbohydrates,  which  make  up  a large  part  of  vegetable  food, 
are  in  general  very  completely  digestible.  The  crude  fiber,  or  cellulose, 
is  an  exception,  but  the  quantities  of  this  in  the  materials  used  for  the 
food  of  man  are  .too  small  to  be  of  importance.  Sugar  is  believed  to  be 
completely  digested.  This  is  assumed  to  be  the  case  with  the  sugar  of 
milk.  The  other  carbohydrates  of  animal  foods  are  very  small  in  amount. 

(4)  The  animal  foods  have  in  general  the  advantage  of  the  vege- 
table foods  in  digestibility  iu  that  they  contain  more  protein  and  that 
their  protein  is  more  digestible. 

(5)  The  quantity  digested  appears  to  be  less  aflected  by  flavor,  fla- 
voring materials,  and  food  adjuncts,  and  to  differ  less  with  different  per- 
sons than  is  commonly  supposed. 

One  important  thing  to  remember  is  that  the  food  we  digest  is  not 
always  utilized  to  the  best  advantage.  Different  people  differ  greatly 
in  this  respect.  One  man  may  be  able  to  do  a large  amount  of  work 
and  another  very  little  when  both  have  the  same  diet  and  digest  the 
same  amounts  of  nutrients  from  it.  One  person  will  grow  fat  upon 
an  amount  of  digested  material  with  which  another  will  not  gain  in 
weight  at  all.  The  getting  of  the  most  good  from  food  is  not  so  much 
a matter  of  digestion  as  of  making  use  of  what  is  digested. 

THE  FITTING  OF  FOOD  TO  TOE  NEEDS  OF  THE  BODY. 

In  the  adjusting  of  diet  to  the  demands  of  the  body,  the  important 
matter  is  to  provide  enough  protein  for  the  building  and  repair  of  tissue 
and  enough  energy  to  keep  it  warm  and  do  its  work,  (yonsidering  the 
body  as  a machine,  there  must  be  material  to  make  it  and  keep  it  in 
repair  and  fuel  to  supifly  heat  and  power.  If  there  is  not  food  enaugh 
or  the  nutrients  are  not  in  the  right  proportions,  the  body  will  be 
weak  in  its  structure  and  ineflicient  in  its  work.  So,  likewise,  if  there 
is  too  much,  damage  to  health  will  result. 

While  this  is  true  as  a general  principle,  and  while  this  principle  is 
the  fundamental  one  in  food  economy,  there  are  many  modifications  in 
detail,  not  as  many  as  there  are  diflerent  persons  and  different  kinds 
of  food  to  be  fitted  to  their  peculiarities  of  digestion  and  assimilation, 
but  still  very  many. 

Thus,  people  in  poor  health  or  with  weak  digestion  or  with  certain 
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peculiarities  of  the  nutritive  system,  are  often  obliged  to  be  very  par- 
ticular in  the  selection  of  their  food.  A man  who  can  ordinarily  ‘‘eat 
anything  ’’  may  be  forced,  in  illness,  to  live  on  gruel  or  beef  tea.  The 
numerous  food  preparations  for  people  with  weak  digestion  are  made 
in  response  to  an  actual  and  pressing  need  of  partially  digested,  or  at 
least  of  easily  digestible,  nutriment.  Of  the  meat  extracts  in  the  market 
some  contain  very  little  and  others  practically  no  material  which  builds 
tissue  or  yields  energy.  In  other  words  they  have  little  real  nutriment 
and  sometimes  almost  none.  They  are  as  much  medicine  as  food,  but 
often  their  value  is  inestimable. 

There  are  peoihe  who,  because  of  some  peculiarity  of  the  alimentary 
system,  are  debarred  from  using  foods  which  for  people  in  general  are 
most  wholesome  and  nutritious.  Some  persons  can  not  endure  eggs, 
others  suffer  if  they  take  milk,  others  have  to  avoid  certain  kinds  of 
meat,  and  others  suffer  nausea  or  severe  i^ain  if  they  eat  fruits  which 
are  generally  agreeable  to  the  taste  and  healthful  in  their  effect.  But 
these  are  exceptions. 

In  such  matters  we  are  apt  to  be  impressed  by  the  exception  rather 
than  the  rule.  It  is  nevertheless  true  for  a great  majority  of  people — 
for  nearly  every  one  who  is  in  good  health  and  uses  the  ordinary  stand- 
ard,.wholesome  foods — that  a healthful  diet  is  that  which  supplies  the 
quantities  of  nutrients  which  the  body  requires. 

Of  course  there  is  a great  difference  in  the  requirements  of  different 
people.  The  kinds  and  amounts  of  food  best  fitted  for  nourishment 
vary  not  only  with  sex,  age,  size,  occupation,  and  climate,  but  also  with 
the  peculiarities  of  the  individual.  But  it  is  possible  in  a general  way 
to  estimate  the  amounts  of  actual  nutrients  needed  on  the  average  by 
people  of  different  classes  and  occupations. 

DIETARIES  AND  DIETARY  STANDARDS. 

As  the  outcome  of  a great  deal  of  observation  and  experiment,  nearly 
all  in  Europe,  standards  have  been  proposed  for  the  amounts  of  nutri- 
ents and  energy  in  the  daily  food  required  by  different  classes  of  people. 
Those  of  Prof.  Yoit,  of  Munich,  Germany,  are  most  commonly  accepted 
by  specialists  in  Europe.  Yoit’s  standard  for  a laboring  man  at  mod- 
erately hard  muscular  work  calls  for  about  0.25  pound  of  protein  and 
quantities  of  carbohydrates  and  fats  sufficient,  with  the  protein,  to 
yield  3,050  calories  of  energy.  Taking  into  account  the  more  active 
life  in  the  United  States,  and  the  fact  that  well-nourished  people  of 
the  working  classes  here  eat  more  and  do  more  work  than  in  Europe 
and  in  the  belief  that  ample  nourishment  is  necessary  for  doing  the 
most  and  the  best  work,  I have  ventured  to  suggest  a standard  with 
0.28  pound  of  protein  and  3,500  calories  of  energy  for  the  man  at  mod- 
erate muscular  work. 

7940— No.  23 2 
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Table  1. — American  and  European  dietaries  and  dietarij  standards. 
[(Quantities  per  man  per  day.] 


1 

Nutrients. 

Nutri- 

Dietaries. j 

Protein. 

Fats. 

Carbohy- j 
drates.  i 

r uei 
value. 

tive 

ratio.* 

American  {Massachusetts  and  Connecticut) . 

Lbs. 

Lbs. 

Lbs. 

Cal. 

1; 

Family  of  carpenter  in  Middletown,  Conn 

Family  of  glass-blowers  in  East  Cambridge,  Mass 

. 25 

.28 

.76 

3,055  ^ 

5 5 

0.23 

0.29 

1.06 

3,  590 

8.2 

Boarding  house,  Lowell,  Mass. ; boarders,  operatives  in 
cotton  mills 

I 

.29 

.44 

1.21 

4,  650 

7.6 

Boarding  house,  Middletown,  Conn. ; ( Food  purchased. .. 
well  paid  machinists,  etc.,  at  mod-< 
erate  work (Food  eaten 

.28  i 

.41 

.94 

4,010 

6.8 

.23 

.34 

.84 

3,  490 

7.3 

Blacksmiths,  Lowell,  at  hard  work 

.44  ' 

.67 

1.75 

6,905 

7.4 

Brickmakers,  Massachusetts;  237  persons  at  very  severe 
v/ork 

.40  ' 

.81 

2.  54 

8,  850 

11 

Mechanics,  etc.,  in  Massachusetts  and  Connecticut; 
average  of  4 dietaries  of  mechanics  at  severe  work 

.48 

.65 

1.  65 

6,705 

6.6 

Average  of  20  dietaries  of  wage-workers  in  Massachu- 
setts and  Connecticut 

i 

.34  1 

..50 

1 

1.38 

5,  275 

7.5 

Average  of  5 dietaries  of  professional  f Food  purchased. . 

.30  1 

. 36 

1.12  1 

4,140 

6.  6 

men  and  college  students  in  Mid-  < 

dletown.  Conn ( Food  eaten 

.27  : 

.34 

1.08 

3,  925 

6.6 

Eurcjiean  {English.  German,  Danish,  and  Swedish). 

Well-fed  tailors,  England,  Playfair  ------ 

.29 

.09 

1.16 

3,055 

4.7 

Hard-worked  weavers,  England,  Playfair 

.34 

.09 

1.37 

3,570 

1 4.8 

Blacksmiths  at  active  labor.  England,  Playfair 

.39 

. 16 

1.47 

4, 115 

! 4.7 

Mechanic,  Munich,  (50  years  old,  in  comfortable  circum- 
stances, light  work,  P^o’’ster 

.26 

.15 

. 76 

2,  .525 

4.3 

Well-paid  mechanics,  Munich,  Voit ' 

.34 

.12 

1.06 

1 3, 085 

4 

Carjienters,  coopers,  locksmiths,  Bavaria;  average  of  11 
dietaries,  Voit 

.27 

,08 

1.28 

! 

' 3, 150 

- 5.3 

Miners  at  severe  work,  Prussia,  Steinheil 

.30 

1 .25 

1.40 

4, 195 

1 6.7 

Brickmakers  (Italians),  Munich,  diet  mainly  maize  meal 
and  cheese,  severe  work,  llanke 

.37 

1 

.26 

1.49 

4,  540 

! 5.6 

German  army  ration,  peace  footing 

.25 

i .09 

1.06 

' 2, 800 

5 

German  army  ordinary  ration,  war  footing 

.30 

.13 

1.08 

i 3, 095 

4.6 

German  army  extraordinary  ration,  in  war 

.42 

. 10 

1.49 

j 3, 985 

4.1 

Uuiyersity  professor,  Munich ; very  little  exercise,  Ranke. 

.22 

.22 

.53 

1 2, 325 

4.7 

Lawyer,  Munich,  Forster 

. 18 

.28 

.49 

j 2, 400 

6.3 

Physician,  Munich,  Forster 

.28 

1 .20 

.80 

2,  830 

4.4 

Physician,  Copenhagen,  Jurgensen 

. 30 

.31 

.53 

2,835 

4. 1 

Average  of  7 dietaries  of  professional  men  and  students, 
Germany,  Denmark,  and  Sweden 

.25 

.22 

.63 

2,670 

4.7 

Dietary  standards. 

Adult  in  full  health,  Playfair 

.26 

.11 

1.17 

3, 140 

i 

5.5 

Active  laborers,  Playfair 

.34 

.16 

1.25 

3,630 

4.7 

Man  at  moderate  work,  Moleschott 

.29 

.09 

1.21 

3, 160 

4.9 

Man  at  moderate  work,  Voit 

.26 

.12 

1.  10 

3,  055 

5.3 

Man  at  hard  work,  Voit 

.32 

. 22 

.99 

3,  370 

4.7 

Man  with  little  physical  exercise,  Atwater 

.20 

iio 

.66 

i 2,450 

5.  5 

Man  with  light  muscular  work,  Atwater 

. 2L 

.22 

.77 

' 2,800 

5.7 

IVIan  with  moderate  muscular  work,  Atwater 

!28 

.28 

! .99 

3,  520 

5.8 

Man  with  active  muscular  work,  Atwater 

.33 

.33 

' 1.10 

4,  060 

5 6 

Man  with  hard  muscular  work,  Atwater 

.39 

. 55 

! 1.43 

5,  700 

6.9 

*The  nutritive  ratio  is  the  ratio  of  the  protein  to  tlie  sum  of  all  the  other  nutritive  ingredients. 
The  fuel  value  of  the  fat  is  two  and  a quarter  times  that  of  tlie  protein  and  earhohydrates.  In  calcu- 
lating the  nutritive  ratio  the  quantity  of  fats  is  niultii)lied  by  two  and  one-fourth.  This  product  is 
added  to  the  weight  of  the  carbohydrates.  The  sum  divided  by  the  weight  of  the  protein  gives  tlie 
nutritive  ratio.  Materials  with  large  amounts  of  fats  or  carbohydrates  and  little  protein,  like  fat 
meats  or  potatoes,  have  a “wide"  nutritive  ratio.  Those  with  a large  amount  of  protein  as  com 
l)ared  with  the  carbohydrates  and  fats,  like  lean  meat,  codtish,  and  beans,  liavea  “narrow”  nutritive 
ratio.  In  other  words,  the  materials  rich  in  tissue-forming  substances  have  a narrow,  and  those  with 
a large  ])reponderance  of  fuel  materials  have  a wide,  nutritive  ratio.  This  is  an  important  matter  in 
the  adjusting  of  food  to  the  demands  of  the  body. 

A well-balanced  diet  is  one  which  has  the  right  ratio  of  i)rotein  to  the  lats  and  carbohydrates  A 
relative  excess  of  the  tissue  formers  makes  the  ratio  narrow,  while  an  excess  of  the  fuel  ingredients 
makes  an  overwide  ratio  in  the  diet.  Either  of  these  errors  is  disadvantageous.  Our  food  materials 
and  our  diet  are  apt  to  have  too  wide  a nutritive  ratio.  In  other  words,  we  cousnrae  on  the  whole 
relatively  too  little  protein  and  too  much  of  the  carbohydiates  and  fats. 
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Just  what  compounds  iu  food  are  needed  for  the  nutriment  of  the 
brain  physiological  chemistry  has  yet  to  tell  us,  but  it  is  certain  that 
people  with  little  muscular  exercise  require  less  food  than  those  who 
labor.  Well-to-do  professional  men  and  students  in  Europe  with  less 
muscular  exercise  than  mechanics  have  been  found  to  be  well  nourished 
with  an  average  of  0.23  pound  of  protein  and  2,700  calories  of  energy. 
In  the  cases  observed  in  the  United  States  the  amounts  eaten  by  pro- 
fessional men  have  been  much  larger. 

The  figures  of  Table  1,  which  are  taken  from  a large  number  reported 
by  different  investigators,  will  serve  to  show  how  the  actual  dietai-ies  of 
people  of  difterent  classes  at  home  and  abroad  compare  with  the  stand- 
ard dietaries  which  have  been  proposed  as  the  result  of  observations 
and  experiments.  The  figures  for  European  dietaries  are  mostly  by 
Voit  and  his  followers  in  Germany,  and  by  Playfair  m England;  the 
American  figures  are  by  the  writer  and  his  associates;  all  are  based 
upon  the  observations  of  actual  dietaries. 

The  dietary  standards  of  the  same  table  are  intended  to  represent 
the  average  needs  as  nearly  as  they  can  be  estimated  from  the  data 
now  at  hand.  Much  more  inquiry  will  be  necessary  to  make  them  as 
reliable  as  is  to  be  desired. 

CALCULATION  OF  DAILY  DIETARIES. 

On  the  basis  of  the  standards  for  dietaries  given  on  page  18,  various 
combinations  of  food  materials  for  daily  dietaries  may  be  made  by  cal- 
culations from  Table  A (p.  20).  Thus  if  a dietary  for  a man  at  moder- 
ately hard  muscular  work  is  to  be  made  up  of  round  beefsteak,  butter, 
potatoes,  and  bread,  it  may  be  calculated  as  follows: 


Pro- 
tein. : 

Calo-  1 
ries. 

Pro- 
1 tein. 

Calo- 

ries. 

' Pou7ids.\ 

l*OU7ldS.\ 

I 

Roiitid  steak. 

1 pound  contains.. 

.18  1 

855  ' 

Hound  steak  13  ounces  contain.  . 14 

1 695 

Butter  

1 pound  contains.. 

i .01 

3,  015 

Butter ; 3 ounces  contain . 

i 680 

Potatoes 

1 pound  contains. . 

.019 

325 

Potatoes iO  ounces  contain.  .02 

1 320 

Wheat  bread. 

1 pound  contains. . 

,088  1 

1,280 

Wheatbread  22  ounces  contain.  .12 

! 1, 760 

j 

Total .28 

3,  455 

1 

Standard  for  man 

1 

at  moderate 

i 

1 

muscular  work  . .28 

3,500 

A number  of  different  dietaries  calculated  in  this  way  are  given  on 
l)ages  29-31. 

PECUNIARY  ECONOMY  OF  FOOD. 


The  cost  of  food  is  the  principal  item  of  the  living  expenses  of  most 
l)eople.  The  results  of  investigations  into  the  cost  of  living  of  people 
with  different  incomes  in  Massachusetts,  in  Great  Britain,  and  in  Ger- 
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many,  made  the  Massachusetts  Bureau  of  Statistics  some  years  ago, 
are  summarized  in  the  following  table: 

Table  2. — Percentage  of  family  income  expe^uled  for  subsistence. 


Annual 

income. 

Amount  ex- 
pended for 
food. 

Per  cent 
expended 
l or  food. 

GERMANY. 

Workingmen 

$225  to  $300 

$140  to  $180 

62 

Intermediate  class . 

450  to  000 

2^*8  to  3;}0 

55 

In  easy  circumstances 

750  to  1, 100 

375  to  550 

50 

GREAT  BRITAIN. 

W orkingmen 

500 

255 

51 

MASSACHUSETTS. 

Workinomen 

350  to  400 

224  to  256 

64 

1)0 

450  to  600 

284  to  378 

63 

Do 

000  to  750 

360  to  450 

60 

Do 

750  to  1,  200 

420  to  672 

56 

Do 

Above  1,  200 

612 

51 

In  parts  of  the  West  and  South  where  food  is  very  cheap  its  cost  in 
proportion  to  other  expenses  is  less,  and  sometimes  falls  a little  below 
half  the  income. 

The  large  majority  of  families  in  this  couutiy  are  said  to  have  not 
over  $500  a year  to  live  upon.  On  the  average  more  than  half  of  this 
goes,  and  must  go,  for  food.  The  cost  of  prei)aring  food  for  the  table, 
rent,  clothing,  and  all  other  expenses  must  be  provided  from  the 
remainder. 

These  statements  apply  less  accurately  to  farmers  than  to  theinhab- 
itants  of  the  larger  towns,  but,  although  the  farmer  produces  much  of 
his  food,  yet,  taking  everything  into  account,  the  expense  for  nutri- 
ment is  large  even  for  him. 

Although  the  cost  of  food  makes  so  large  a part  of  the  whole  cost  of 
living,  and  although  the  health  and  strength  of  all  are  so  intimately 
connected  with  and  dependent  upon  their  diet,  yet  even  the  most  intel- 
ligent people  know  less  of  the  actual  uses  and  values  of  their  food  for 
fulfilling  its  purposes  than  of  almost  any  other  of  the  necessities  of  life. 

CHEAP  vs.  DEAR  FOOD. 

The  cheapest  food  is  that  which  supplies  the  most  nutriment  for  the 
least  money.  The  most  economical  food  is  that  which  is  the  cheapest 
and  at  the  same  time  best  adapted  to  the  wants  of  the  eater.  The 
maxim  that  the  best  is  the  cheapest  ” does  not  apply  to  food.  The 
best  food  in  the  sense  of  that  which  is  the  finest  in  appearance  and 
flavor  and  which  is  sold  at  the  highest  price  is  not  generally  the 
cheapest,  nor  is  it  always  the  most  healthful  or  economical.  Yet  very 
many  i^eople  seem  to  think  that  they  must  have  this  sort  of  food,  and 
that  to  economize  by  using  anything  inferior  in  quality  or  cheaper  in 
price  would  be  a sacrifice  of  both  dignity  and  principle. 

Mr.  Lee  Meriwether,  who  has  given  much  attention  to  this  special 
subject,  cites  a case  in  point,  that  of  a coal  laborer  who  boasted: 
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one  can  say  that  1 do  not  give  my  family  the  best  of  flour,  the  finest  of 
sugar,  the  very  best  quality  of  meat.”  He  paid  $150  a year  for  the 
nicest  cuts  of  meat,  which  his  wife  had  to  cook  before  0 in  the  morn- 
ing or  after  half  past  6 at  night,  because  she  worked  all  day  in  a 
factory.  When  excellent  butter  was  selling  at  25  cents  a pound  he 
paid  29  cents  for  an  extra  quality.  He  spent  only  $108  a year  for  cloth- 
ing for  his  family  of  9,  and  only  $72  a year  for  rent  in  a close  tenement 
house,  where  they  slept  in  rooms  without  windows  or  closets.  He 
indulged  in  this  extravagance  in  food  when  much  less  expensive  food 
materials,  such  as  regularly  come  upon  the  tables  of  men  of  wealth, 
would  have  been  just  as  nutritious,  just  as  wholesome,  and  in  every 
way  just  as  good,  save  in  its  gratification  to  pride  and  palate.  He  was 
committing  an  immense  economic  blunder.  Like  thousands  of  others, 
he  did  so  without  understanding  at  all  that  it  was  a blunder. 

Just  here  is  one  great  difficulty:  the  lack  of  information  regarding  the 
nutritive  values  of  foods.  Even  those  who  wish  and  try  to  economize 
in  their  purchase  and  use  of  food  do  not  understand  how.  They  care- 
fully consult  the  prices,  but  have  in  general  very  vague  ideas  about 
values  for  nourishment  as  compared  with  cost.  Persons  who  are 
exceedingly  economical  in  purchase  of  clothing  and  in  other  expendi- 
tures do  not,  and  in  many  instances  can  not,  practice  intelligently  the 
same  economy  at  the  markets.  rre(piently  people  pay  from  $1  to  $2 
a pound  for  the  ])rotein  of  the  meat  and  other  animal  foods  they  use, 
when  it  might  be  obtained  in  forms  equally  wholesome  and  nutritions 
for  15  to  50  cents  per  i:)ound.  The  food  thus  purchased  is  apt  to  supply 
some  of  the  nutrients  in  excessive  amounts  as  well  as  at  needlessly 
high  costs,  while  it  furnishes  others  in  insufficient  quantities  or  in 
unfitting  forms  and  in  uneconomical  ways,  and  only  too  often  a large 
part  of  it  finds  its  way  into  the  drain  or  the  garbage  barrel  instead  of 
being  utilized  for  nourishment.  The  difficulty  is  tliat  in  comparing 
different  food  materials  with  respect  to  their  cheapness  or  dearness  we 
are  apt  to  judge  them  by  the  prices  per  pound,  quart,  or  bushel,  with- 
out much  regard  to  the  amounts  or  kinds  of  actual  nutrients  which  they 
contain. 

Of  the  different  food  materials  which  the  market  affords,  and  which 
are  palatable,  nutritious,  and  otherwise  fit  for  nourishment,  what  ones 
are  ])eculiarly  the  most  economical ! There  are  various  ways  of  com- 
l)aring  food  materials  with  respect  to  the  relative  cheapness  or  dearness 
of  their  nutritive  ingredients.  One,  and  i)erhaps  the  best,  consists  in 
comparing  the  nutrients  obtained  for  a given  sum  in  different  materials. 
Estimates  of  the  amounts  of  nutrients  that  could  be  purchased  for  25 
cents  at  the  rates  named  are  given  in  Table  B (j).  28),  and  graphically 
shown  in  Chart  2 (p.  22).  The  calculations  are  based  uimii  the  analy- 
ses in  Table  A (p.  20). 
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Chart  2.— PECUNIARY  ECONOMY  OF  FOOD. 

Amounis  of  actually  nutritive  ingredients  obtained  in  different  food  materials  for  25  cents. 

[Amounts  of  nutrients  in  pounds.  Fuel  value  in  calories.] 

Protein.  Fats.  Carbohydrates.  Fuel  value. 


Yoit. 


t Atwater. 
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The  figures  of  Table  B tell  their  story  so  plainly  that  they  need  very 
little  comment.  A quarter  of  a dollar  invested  in  the  sirloin  of  beef  at 
22  cents  per  pound  pays  for  one  and  one  seventh  pounds  of  the  meat 
with  three-eighths  of  a pound  of  actually  nutritive  material.  This 
would  contain  one-sixth  of  a pound  of  protein  and  one-fifth  of  a pound 
of  fat^  and  supifiy  1,120  calories  of  energy.  The  same  amount  of  money 
paid  for  oysters  at  the  rate  of  50  cents  per  quart  brings  two  ounces  of 
actual  nutrients,  an  ounce  of  protein,  and  230  calories  of  energy.  But 
in  buying  wheat  flour  at  $7  a barrel,  the  25  cents  pay  for  six  and  a 
quarter  pounds  of  nutrients,  with  eight- tenths  of  a pound  of  protein 
and  11,755  calories  of  energy. 

The  x^rice  of  food  is  not  regulated  solely  by  its  value  for  nutriment. 
Its  agreeableness  to  the  palate  or  to  the  buyer’s  fancy  makes  a large 
factor  of  the  current  demand  and  market  price.  There  is  no  more 
nutriment  in  an  ounce  of  x)rotein  or  fat  of  the  tenderloin  of  beef  than 
in  that  of  the  round  or  shoulder.  The  j^rotein  of  animal  food  does, 
however,  have  an  advantage  over  that  of  vegetable  foods.  Animal 
foods,  such  as  meats,  fish,  milk,  and  the  like,  gratify  the  j^alate  in  ways 
which  most  vegetable  foods  do  not,  and,  what  is  perhaps  of  still  greater 
weight  in  regulating  the  actual’usage  of  communities  by  whose  demand 
the  x^rices  are  regulated,  they  satisfy  a real  need  by  supxfiying  xu'otein 
and  fats,  which  vegetable  foods  lack. 

People  who  can  aff'ord  it,  the  world  over,  will  have  animal  foods,  and 
will  comx^ete  with  one  another  in  the  x)i‘ices  they  give  for  them.  In 
general,  the  animal  foods  are  more  easily  and  completely  digested  than 
vegetable.  There  is  doubtless  good  ground  for  x)aying  somewhat  more 
for  the  same  quantity  of  nutritive  material  in  the  animal  food. 

For  x^ersons  in  good  health  the  foods  in  wlii^h  the  nutrients  are  most 
expensive  are  like  costly  articles  of  adornment.  Peoi)le  who  can  well 
afford  them  may  be  justified  in  buying  them,  but  they  are  not  econom- 
ical. 

WASTE  OF  FOOD. 

We  waste  food  in  two  ways.  We  throw  away  a great  deal,  and 
many  of  us  eat  more  than  we  need.  That  which  is  thrown  away  in 
the  form  of  kitchen  and  table  refuse  does  no  harm,  and  in  so  far  as  it 
is  used  for  feeding  animals,  or,  in  the  case  of  fat,  for  making  soaxo,  it 
is  not  an  absolute  loss.  That  which  we  consume  in  excess  of  our  needs 
is  worse  than  wasted,  because  of  the  harm  it  does  to  the  health. 

In  connection  with  studies  of  dietaries  by  the  author  and  associates  in 
New  England,  some  observations  have  been  made  which  bear  ux)on  this 
Xirevalent  habit  of  throwing  away  valuable  food.  Thus,  in  the  dietary 
of  a carpenter  7.(3  x^er  cent  of  the  total  food  x>iD  ehased  was  left  in  the 
kitchen  and  table  wastes.  The  total  waste  was  somewhat  worse  than 
this  x^roxiortion  would  imx^ly,  because  it  consisted  mostly  of  the  x>rotein 
and  fats,  which  are  more  costly  than  the  carbohydrates.  The  waste 
contained  about  one-tenth  of  the  total  protein  and  fat,  and  only  one 
twenty- fifth  of  the  total  carbohydrates  of  the  food;  or,  to  xmt  it  in 
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another  way,  the  food  purchased  contained  nearly  10  per  cent  more 
protein,  12  per  cent  more  fat,  and  5 per  cent  more  carbohydrates  than 
were  eaten;  and,  worst  of  all,  the  wasted  protein  and  fats  were  mostly 
from  the  meats,  which  supplied  them  in  the  costliest  form. 

From  the  statistics  of  the  amounts  and  comi)osition  of  the  table  and 
Idtchen  wastes  of  a boarding  house  at  Middletown,  Conn.,  it  appears 
that  these  contained  one-ninth  of  the  whole  nutritive  material  of  the 
food  purchased.  They  included  one-fifth  of  the  protein  and  fats  and 
one-twentieth  of  the  carbohydrates.  Here  again  the  rejected  portions 
were  mostly  from  the  meats.  Except  in  so  far  as  j)arts  of  the  waste 
were  fed  to  chickens  or  possibly  used  for  soaj),  it  was  simply  thiiown 
away.  The  boarding  house  was  a very  good  one,  the  mistress  was 
counted  an  excellent  housekeeper,  and  the  boarders  were  mechanics 
and  other  thrifty  and  industrious  people  with  only  moderate  incomes. 

In  the  studies  of  dietaries  of  students’  clubs  in  Middletown  it  was 
necessary  to  determine  the  weight  and  composition  of  the  rejected  por- 
tion of  meats.  In  buying  meat  in  the  retail  markets  in  this  region  it 
is  a common  practice  to  have  the  bone  and  considerable  of  the  fat  cut 
out  and  left.  In  thus  removing  the  ‘Hrimmings”  the  butcher  is  apt  to 
cut  out  considerable  else  than  the  bone  and  fat.  In  a piece  of  roast 
beef  weighing  16  pounds,  the  “ trimmings,”  which  consisted  of  tne  bone 
and  meat  cut  out  with  it,  and  which  were  left  for  the  butcher  to  sell  to 
the  soap  man  or  get  rid  of  as  he  might  otherwise  choose,  weighed 
4J  pounds,  so  that  11 J pounds  of  meat  went  to  the  consumer,  who,  of 
course,  paid  for  the  whole.  The  butcher  said  that  he  sold  this  sort  ofibeef 
largely  to  the  ordinary  i^eople  of  the  city — mechanics,  small  tradesmen, 
and  laborers;  that  many  of  his  customers  preferred  not  to  take  the 
^‘trimmings;”  and  that  they  were  not  exceptionally  large  in  this  case, 
either  in  amount  or  in  i^roportion  of  meat  and  bone,  for  that  cut  of 
beef,  which  was  the  ^Hib  roast.”  Inquiries  of  other  meat  men  brought 
similar  information. 

The  4J  pounds  of  “trimmings”  consisted  of,  approximately,  2J 
pounds  of  bone  and  j pound  of  tendon  gristle”),  which  would  make 
a most  palatable  and  nutritious  soup,  and  IJ  pounds  of  meat,  of  which 
1 pound  was  lean  and  | pound  fat.  It  is  estimated  that  the  nutritive 
materials  of  meat  thus  left  unused,  saying  nothing  of  the  bone  and 
tendon,  contained  some  15  per  cent  of  the  protein  and  10  per  cent  of  the 
potential  energy  of  the  whole.  The  price  of  the  beef  was  12.24.  Assum- 
ing the  nutritive  value  of  the  ingredients  of  the  “ trimmings  ” to  be  124 
per  cent  of  the  whole,  28  cents  worth  of  the  nutritive  material,  besides 
tlie  bone  and  tendon,  was  left  at  the  butcher’s. 

The  common  saying  that  “ the  average  American  family  wastes  as 
much  food  as  a French  family  would  live  upon  ” is  a great  exaggeration, 
but  statistics  show  that  there  is  a great  deal  of  truth  in  it.  Even  in 
some  of  the  most  economical  families  the  amount  of  food  wasted,  if  it 
could  be  collected  for  a month  or  a year,  would  prove  to  be  very  large, 
and  in  many  cases  the  amount  would  be  little  less  than  enormous. 
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We  endeavor  to  make  our  diet  suit  our  palate  by  paying  liigb  prices 
in  the  market  rather  than  by  skillful  cooking  and  tasteful  serving  at 
home.  We  buy  more  than  we  need,  and  what  makes  the  matter  worse, 
it  is  frecpiently  those  who  most  need  to  save  that  are  the  most  wasteful. 

The  remedy  for  the  evil  so  far  as  it  applies  to  the  chief  item  of  our 
living  expenses,  our  food,  must  be  sought  in  two  ways — in  an  under- 
standing of  the  elementary  facts  regarding  food  and  nutrition,  and  the 
acceptance  of  the  doctrine  that  economy  is  not  only  respectable,  but 
honorable. 

FOOD  AND  HEALTH. 

The  studies  of  dietaries  thus  far  made  are  not  sufficient  for  entirely 
reliable  inferences  regarding  the  eating  habits  of  the  peoi:)le  at  large. 
The  total  number  of  dietaries  examined  is  only  a little  over  one  hundred. 
They  have  been  confined  mostly  to  New  England;  only  a small  number 
of  the  examinations  have  been  made  with  the  needed  accuracy ; and  it  is 
worth  noting  that  the  ones  in  which  the  amounts  and  composition  of  the 
food  have  been  most  accurately  determined  are  for  the  most  part  the 
ones  in  which  the  quantities  were  smallest,  although  some  of  the  largest 
of  the  figures  obtained  were  thought  to  represent  very  nearly  the  actual 
quantities. 

Taking  the  results  as  they  are,  they  very  decidedly  confirm  the  gen- 
eral impression  of  hygienists  that  our  diet  is  one  sided  and  that  we  eat 
too  much.  The  food  which  we  actually  eat,  leaving  out  of  account  that 
which  we  throw  away,  has  relatively  too  little  protein  and  too  much 
fat,  starch,  and  sugar.  This  is  due  partly  to  our  large  consumption  of 
sugar  and  partly  to  our  use  of  such  large  quantities  of  fat  meats.  The 
quantities  of  fat  in  the  European  dietaries,  cited  on  page  18,  range 
from  1 to  5 ounces  per  day,  while  in  the  American  the  range  is  from  4 
to  16  ounces.  In  the  daily  food  of  well-to-do  professional  men  in  Ger- 
many, amply  nourished,  the  quantity  of  fat  is  from  3 to  4J  ounces  per 
day;  while  in  the  dietaries  of  Americans  in  similar  conditions  of  life  it 
ranges  from  5 to  ounces  in  the  food  purchased.  The  quantities  of 
carbohydrates  in  the  European  dietaries  range  from  9 to  24  ounces, 
while  in  the  corresponding  American  dietaries  the  carbohydrates  were 
from  24  to  60  ounces. 

In  the  American  dietaries  the  ratio  of  fuel  ingredients  to  one  part 
of  protein  ranges  from  6.6  to  8.2,  and  even  higher.  In  the  European 
dietaries  of  well-nourished  people  and  in  the  dietary  standards  which 
express  the  average  needs  according  to  the  teachings  of  the  best  physio- 
logical observations,  it  is  from  4.1  to  6,  or  thereabouts.  The  rejection 
of  so  much  of  the  fat  of  meat  at  the  market  and  on  our  plates  at  the 
table  is  not  mere  willfulness.  It  is  in  obedience  to  nature’s  protest 
against  a one-sided  and  excessive  diet. 

How  much  harm  is  done  to  health  by  our  one-sided  and  excessive 
diet  no  one  can  say.  Physicians  tell  ns  that  it  is  very  great.  Of  the 
vice  of  overeating,  as  practiced  by  the  well-to-do  classes,  in  Eng- 
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land  especially,  Sir  Henry  Thompson,  a noted  English  physician  and 
authority  on  this  subject,  says: 

have  come  to  the  conclusion  that  more  than  half  the  disease  which 
embitters  the  middle  and  latter  part  of  life  is  due  to  avoidable  errors 
in  diet,  * * * and  that  more  mischief  in  the  form  of  actual  disease, 

of  impaired  vigor,  and  of  shortened  life  accrues  to  civilized  man 
* * * in  England  and  throughout  central  Europe  from  erroneous 

habits  of  eating  than  from  the  habitual  use  of  alcoholic  drink,  con- 
siderable as  I know  that  evil  to  be.” 

APPENDIX. 

Table  A gives  the  proportions  of  ingredients  in  a number  of  food 
materials  as  found  by  analysis  of  specimens  collected  for  the  most  i)art 
in  New  York  and  New  England  markets.  They  will  doubtless  be  mod- 
ified by  the  results  of  future  and  more  numerous  analyses. 

The  figures  of  Table  B are  obtained  from  Table  A,  as  stated  on 
page  -Jl.  The  range  of  prices  of  the  same  materials  is  little  if  any  wider 
than  actually  exists  at  present. 

The  calculations  of  Table  D are  made  as  explained  on  page  11).  It 
wdll  be  observed  that  they  conform  to  the  dietary  standard  on  page  28, 
for  a “man  at  moderately  hard  muscular  work.” 

Table  A. — Composition  of  different  food  materials. 


Edible  portion. 


Food  niatei  ials. 

Befuse 

(bones, 

skin, 

shell, 

etc.). 

Nutrients. 

; Fuel 

Water. 

Total. 

Pro 

tein. 

Fat. 

1 

Carho-  i 
hydrates. 

Mineral 

mat- 

ters. 

' value 
j of  1 
i pound. 

. 1 

A nimal  foods,  as  2mrchaspd.  ! 

1 

i 

1 

I 

Beef: 

]^er  ct.  i 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct 

Cal. 

Xeclv 

20 

49.  6 

30.4 

15.6 

14 

. 8 

880 

Shoulder 

12.6 

55.8 

31.6  ! 

17 

13.7 

.9 

895 

Cluicdv  rib 

14.6  , 

49.5 

35.9  ' 

15 

20.1 

.8 

1, 125 

Kib 1 

21  i 

38.2 

40.8  1 

12.2 

27.9 

.7 

1,405 

Sirloin i 

19.5  1 

48.3 

32.2  i 

15 

16.4 

1 

.8 

970 

Bound  steak 

1 7.8  ! 

60.9 

31.3  1 

18  i 

12.3 

1 

8:55 

Side,  without,  kidney  fat i 

19.2 

44.3 

36.5  1 

13.9 

21.8 

. 8 

1,  180 

Bump,  corned 

5 

70.8 

i 24.2  1 

16.7 

5.  1 

2.4 

525 

Flank,  corned  

12.1 

43.  7 

' 44.2  i 

12.4 

29.2 

1 2.6 

1,460 

Veal,  shoulder 

17.  9 

56.7 

: 25.  4 i 

16.6  1 

1 7.9 



.9 

640 

Mutton : 

1 

Shoulder 

‘ 16.3 

49 

i 34.7 

15.1 

18.8 

... 

.8 

1,075 

Leg 

i 18.  1 

50.6 

31.3 

15 

1.5.  6 

. 7 

935 

Loin 

1 1:').  8 

41.5 

1 42.7 

12.6  1 

i 29. 5 

^6 

1,480 

Side,  without  kidney  fat 

1 17.3 

44.2 

i 38. 5 

23.7 

i -8 

1,260 

Fork  : 

i 

1 

Shoulder  roast,  fresh 

i 14.6 

43 

; 42.4 

13.  6 ' 

' 28 

.8 

1,4:15 

Ham,  salted,  smoked 

1 11.4 

36.8 

i 51.8 

1 14.8 

: 34. 6 

2.4 

1.735 

Chicken 

. 38. 2 

44.  C. 

1 7.  2 

' 15.  1 

1.2 

i 

.9 

330 

Turkey 

32.4 

44.  7 

22.9 

1 16. 1 

, 5.9 

.9 

550 

Eggs,  in  shell 

i 13.7 

- 63.  1 

23.  2 ■ 

1 1--1 

i 10.2 

.9 

655 

Fish,  etc. : 

i 

1 

Flounder,  whole 

Bluetish,  dre.ssed 

66.  8 

27.2 

1 6 

I 5.2 

1 .3 

i -5 

110 

48.  6 

43 

11.1 

' 9.8 

: . 6 

■ .7 

210 

Codiish,  dressed 

1 29. 9 

58.  5 

11.6 

10.6 

. 2 

205 

Sliad,  whole 

50.  1 

35.  2 

1 14.7 

! 9.2 

4’.  8 

:175 

IMackerel,  whole 

44.8 

40.4 

15 

10 

i 4. 3 

■7 

365 

Halihut,  dressed 

; 17.7 

61.9 

20.4 

15. 1 

4.4 

.9 

465 

Salmon,  whole 

1 35. 3 

40.6 

24.  1 

14.3 

8.8 

1 1 

635 

Salt  codiish 

1 42.  1 

40.  5 

17.  6 

16 

i •‘1 

i 1.2 

315 

Smoked  herring  

! 50. 9 

19.2 

29.  9 

20.2 

8.8 

.9 

745 

Salt  mackerel 

1 40.4 

28.  1 

31.5 

14.  7 

15.  1 

1.7 

910 

Canned  salmon 

! 4.9 

59.  3 

35.8 

! 19.3 

1.5.3 

L2  , 

1,005 

Lohsters 

’ 62.  1 

31 

6.9 

5.  5 

. 7 

■ . i 

.6 

135 

Oysters 

1 82. 3 

15.4 

i 2.3 

1 1.1 

.2 

1 .6  ! 

.4  1 

40 
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Table  A. — Composition  of  different  food  materials — Contiuued. 


Food  materials. 

Refuse 

(bones, 

skin, 

shell, 

etc.). 

Edible  portion. 

Water. 

Xutrients.  j 

Fuel 
value 
of  1 
pound. 

Total. 

Pro- 

tein. 

Fat. 

Carbo-  | 
hydrates. 

Mineral 

mat- 

ters. 

Animol  foods,  edible  portion. 

Beef ; 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct.  i 

Per  ct.  i 

7Vr  ct. 

Cal. 

G2 

38 

19.  5 

17.  5 

1 

1,  100 



G3.  9 

36. 1 

19.  5 

15.  6 

1 

1 , 020 

58 

42 

17.  6 

23.  5 

. 9 

1,  320 

Rib 

48. 1 

51. 9 

15.  4 

35.  6 

. 9 

1,  790 



GO 

40 

18.  5 

20.  5 

1 1 

1,  210 

G8.  2 

31. 8 

20.  5 

10.  1 

1.2  1 

805 

54  8 

45.  2 

17  2 

27. 1 

. 9 

1. 465 

58. 1 

41. 9 

13.  3 

26.  6 

1 j 

1 2 

E370 



49.  8 

50.  2 

14.  2 

33 

3 

1,655 

G8.  8 

31.  2 

20.  2 

9.  8 

1.2 

790 

Mutton : 



58.6 

41.  4 

18. 1 

22.  4 

.9 

1,280 

61.  8 

38.  2 

18.  3 

19 

i 

.9 

1 , 140 

r • 

49.3 

50.  7 

15 

35 

I 1 , 755 

53.5 

46.  5 

16.  9 

28.  7 

. 9 

1,525 

Pork : 



.50  a 

49.  7 

16 

32.  8 

1 

9 

1,680 

41.  5 

58.  5 

16.  7 

39.  1 

- - 1 

2:7 

1 ’ 960 

12. 1 

87.  9 

. 9 

82.  8 

4.  2 

3;  510 

Sausajre : 

1 

Pork 

41.5 

58.8. 

13.8 

42.8 

2 2 

2,  065 

62.  4 

:!7.  6 

18.  8 

15.8 

3 

1,015 

72.  2 

27.  8 

24.  4 

2 

1. 4 

540 

66.  2 

33.  8 

23.  9 

8.  7 

1.  2 

810 

73.8 

26.  2 

14.  9 

10.  5 

.8 

1 721 

Milk 

87 

13 

3.  6 

4 

4.  7 

7 

1 325 

Butter 

1 10. 5 

89 

1 

85 

. 5 

3 

1 3,615 

Oleomargarine 

! 

89.  5 

.6 

85 

.4 

3 

3,  605 

Cheese ; 

Full  cream 

30.2 

69.8 

'28.  3 

3.5.  5 

1.  8 

4.2 

2,  070 

Skim  milk 

41.3 

58.  7 

38.4 

6.  8 

8.  9 

4.  6 

1, 165 

Fish  : 

Flounder 

84.  2 

15.  8 

13.  8 

r 

1.3 

285 

Haddock 

81.7 

18.  3 

16.  8 

.3 

1.2 

325 

Codfish  

82.  6 

17.  4 

15.  8 

. 4 

1.  2 

310 

Shad 

70.  6 

29.  4 

18.6 

9.  5 

1.  3 

745 

Mackerel 

73.  4 

26.  6 

18.  2 

7. 1 

1.  3 

640 

Halibut 

75.  4 

24.  6 

18.  3 

5.  2 

1.  1 

560 

Salmon 

•63.  6 

.36.  4 

21.  6 

13.  4 

1.4 

965 

Salt  cod 

53.  6 

21. 4 

. 3 

1.6 

410 

Herring,  salt 

34.  6 

36.  4 

15.  8 

1.  5 

1,  345 

, Mackerel,  salt 

43.  4 

17.  3 

26.4 

2.  6 

1,  860 

Oysters 

87. 1 

12.  9 

6 

1.  2 

3.  7 

230 

Vegetable  foods. 

"W  heat  fiour 

12.  5 

i 87. 5 

11 

1.  1 

74.  9 

5 

1,  645 

Graham  flour  (wheat) 

13.  1 

! 88. 9 

11.  7 

1.  7 

71.  7 

1.8 

1,  625 

Rye  flour 

113. 1 

86.  9 

6.  7 

.8 

78.  7 

1,625 

Buckwheat  flour 

14.  6 

85.  4 

6.  9 

1.  4 

76.  1 

1 

1,  605 

Oatmeal 

1 7. 6 

92.4 

15.1 

7.  1 

68.  2 

2 

1,  850 

Corn  meal 

1.5 

85 

1 9. 2 

3.  8 

70.  6 

1.4 

1,  645 

Rice 

12.4 

87.  6 

7.  4 

.4 

79.  4 

. 4 

1,  630 

Peas 

12.  3 

87.  7 

26.  7 

1.7 

56.  4 

2.  9 

1,  565 

Beans 

12.  6 

87.  4 

23. 1 

2 

.59.  2 

3.  1 

1,  615 

Potatoes 

78.  9 

21.  1 

2. 1 

1 

17.  9 

1 

375 

Sweet  potatoes 

71.  1 

28.9 

1.5 

.4 

26 

1 

530 

Turnips 

89.4 

10.6 

1.  2 

. 2 

8.  2 

1 

185 

Carrots  

*88.  6 

11.4 

1.  1 

^4 

8.  9 

1 

200 

Onions 

.*87.  6 

12.4 

1.4 

.3 

10.  1 

.6 

225 

String  bean.s 

87.  2 

12.  8 

2.  2 

. 4 

9.  4 

. 8 

235 

Green  peas 

"78.  1 

21.  9 

4.  4 

.6 

16 

. 9 

405 

Green  corn 

81.  3 

18.  7 

2.8 

1.  1 

13.  2 

.6 

345 

Tomatoes 

i ■ 

96, 

4 

.8 

1 .4 

2.5 

.3 

80 

Cabbage  

91.  9 

8.  1 

2. 1 

i .3 

5.  5 

1. 1 

155 

Apples 

83.2 

i 1(>.  8 

. 2 

i .4 

1.5.9 

.3 

315 

Sugar,  granulated 

2 

1 98 

97.  8 

, 2 

1,820 

Molasses 

24.  6 

' 75. 4 

73.  1 

2.  3 

1 i 360 

White  bread  Ovheat) 

32.  3 

67.7 

""s'h 

1.7 

56.3 

. 9 

1,280 

Boston  crackers 

1 

; 8.3 

91.7 

10.7 

9.9 

' 68.7 

2.4 

1,895 
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Tap.le  B. — Amounts  of  nutrients  furnislied  for  25  cents  in  food  materials  at  ordinary 

prices. 


Twenty-five  cents  will  pay  for— 


Food  materials  as  purchased. 

Prices 

per 

pound. 

Total 
food  ma- 
terials. 

Nutrients. 

Fuel 

value. 

Total. 

Protein. 

Fats. 

1 

Carbo- 

hydrates. 

Cents. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Calories. 

10 

2.  50 

. 79 

. 38 

41 

2,  425 

Do  

15 

1.  67 

. 25 

. 27 

l’  620 

Do  

20 

1.  25 

. 39 

. 19 

. 20 

1,  215 

Do 

25 

1 

. 31 

. 15 

. 16 

’970 

8 

3. 13 

. 95 

. 56 

. 39 

2,  675 

Do  

12 

08 

. 63 

. 37 

. 26 

1,  780 

Do 

16 

1.56 

.47 

.28 

.19 

li335 

4 

6.  25 

1. 85 

. 98 

. 87 

5,  500 

Do 

6 

4. 17 

1.  23 

. 65 

. 58 

3,  670 

Do 

8 

3. 13 

. 93 

.49 

.44 

2,  755 

8 

3. 13 

. 96 

. 47 

. 49 

2.  925 

Do’  ..r. 

14 

1.79 

. 55* 

.27 

.28 

1,  675 

Do 

20 

1.25 

.38 

.19 

.19 

1,170 

10 

2.  50 

1.23 

. 37 

.86 

4.  340 

16 

1.  56 

. 77 

. 23 

54 

2,  705 

10 

2.  50 

2.  09 

. 02 

2.  07. 

si  775 

14 

1.79 

1.  50 

. 02 

1.48 

6,  285 

Do 

18 

1.39 

1. 16 

. 01 

1 15 

4,  880 

6 

4. 17 

.45 

. 44 

.01 

855 

Do : 

10 

2.50 

. 27 

. 27 

1 

WVV.V" 

510 

6 

4. 17 

.68 

. 67 

.01 

r ; 1 

1,  315 

Do’ 

8 

3. 13 

.51 

. 50 

.01  ! 

985 

Mackerel,  salt 

10 

2.  50 

. 74 

. 37 

.37 



2,  275 

Do 

15 

1.  67 

. 49 

. 24 

:25 1 



1,520 

Oy.sters,  25  cents  per  quart 

12.5 

2 

.24 

.13 

.03  1 

.08 

520 

Oysters,  85  cents  per  quart 

17.5 

1.43 

.17 

.09 

.02  i 

.06 

370 

Oysters,  50  cents  per  quart 

25 

1 

.12 

.06 

.02 

.04 

260 

F/fi'gs,  15  cents  per  dozen 

8.  8 

2.  84 

. 63 

. 34 

.29 

1,  860 

Eggs,  25  Cents  per  dozen 

14.7 

1.  70 

.38 

. 21 

.17 



1. 115 

Eitgs,  35  cents  per  dozen 

20.  6 

1.  21 

. 27 

. 15 

. 12 

790 

Milk,  3 cents  per  quart 

1.5 

16.  67 

2.  05 

.60 

.67 

.78 

5,420 

Milk,  G cents  per  quart 

3 

8.33 

1.02 

.30 

.23 

.39 

2,  705 

jVIilk,  8 cents  per  quart.  ’ 

4 

6.  25 

.77 

.23 

.25 

.29 

2,  030 

Cheese,  whole  milk 

12 

2.  08 

1.36 

.59 

.74 

.03 

4,305 

Do 

15 

1.67 

1.09 

.47 

.59 

.03 

3,  455 

Do 

18 

1.39 

.91 

.39 

.49 

.03 

2,  875 

Cheese,  skim  milk 

6 

4. 17 

2.  25 

1.60 

.28 

. 37 

4,  860 

Do 

8 

3. 13 

1.6G 

1.20 

.21 

.28 

3,  645 

Do 

10 

2.50 

1.35 

.96 

. 17  1 

I .22 

2,910 

Butter 

15 

1.67 

1.45 

.02 

1.  42 

.01 

6,  035 

Do 

25 

1 

. 86 

.01 

. 85 

3.615 

Do 

35 

.71 

.61 

. 01 

.60 

2.  565 

Sugar 

5 

5 

4.  89 

4.89 

9,100 

Do  . . . 

7 

3.  57 

3.  50 

3.  50 

6.  495 

Wheat  tlo^ir 

2 

12.  50 

10.  87 

1.37 

.14 

9.36 

20,565 

Do 

2.5 

10 

8.  70 

1.10 

.11 

7.  49 

16,  450 

Do 

3 

8.  33 

7.24 

.91 

.09 

6.  24 

13,705 

Wheat  bread 

3 

8.33 

5.  56 

.73 

.14 

4.  69 

10,  660 

Do 

5 

5 

3.34 

.44 

.08 

2.  82 

6,400 

Do 

8 

3.13 

2.  09 

.28 

.05 

1.76 

4,005 

Corn  meal 

2 

12.  50 

10.45 

1. 15 

.47 

8.83 

20,  565 

Do 

3 

8.  33 

6.  97 

.77 

.32 

5.  88 

13,  705 

Oatmeal 

3 

8.33 

7.51 

1.22 

.59 

5.  70 

15,  370 

Do 

5 

5 

4.52 

.74 

.36 

3.42 

9, 225 

Rice 

G 

4. 17 

3.  61 

.31 

.02 

3.31 

6,  795 

Do 

8 

3. 13 

2.  73 

.23 

.01 

2.49 

5,  100 

Beans 

5 

5 

4.22 

1.  16 

.10 

2.  96 

8,075 

T’otatoes,  45  cents  per  bushel  .. 

0.  75 

33.  33 

5.  70 

.60 

.03 

5.  07 

10,  665 

Potatoes,  60  cents  per  bushel  .. 

1 

25 

4.27 

.45 

.02 

3.80 

8,  000 

Potatoes,  90-cents  per  bushel  . . 

1.5 

16.  67 

2.85 

.30 

.02 

1 

2.53 

5,  335 

DIKTAIIY  STANDARDS. 


Nutrients. 

Fuel 

A-alue. 

Total. 

Protein. 

Fats. 

Carbo- 

hydrates. 

jSIan  witli  light  exercise 

^lan  with  moderate  muscular  work 

Man  at  active  muscular  work  

Founds. 

1.32 

1 . 55 
1.76 

Pounds. 

.22 

.28 

.33 

Poun  ds. 
.22 
.28 
.33 

Pounds. 

.88. 

..99 

:..o 

Calories. 

2.980 

1 3,  .520 

4, 060 

29 


Tahi.e  C.  — Prices  used  in  estimathig  cost  of  daily  dietaries. 


Articles. 

Price 

per 

pound. 

Articles. 

.2  1 « 

Articles. 

j Price 
per 

(pound. 

i 

Beef ; 

Cents. 

Pork— Continued. 

Cents. 

! 

■ Cents. 

7 

10 

Cheese 

1 10 

1 

10  i 

' Salt  pork 

12 

Potatoes,  white 

It 

S}]nnhlp.r 

12 

Sausage 

12 

Sweet  potatoes 

2 

1 

20  1 

Fish  • 

Turnips 

10  ' 

Mackerel 

12 

Sugar 

5 

liound 

tv 

14 

Whole  cod 

8 

Beans 

5 

T.ivpr 

10  ! 

Dry  salt  cod. 

7 

j Corn  meal 

5 

Dried  beef 

i 25 

Salt  mackerel 

12 

; Oatmeal 

Miitton : 

Canned  salmon 

15 

Wheat  flour 

3 

SJliniiUlpr 

I 12  ; 

1 Lobster 

12 

Graham  flour  .... 

Leg 

i 18 

Eggs,  24  cents  per  dozen . 
Milk,  7 cents  per  quart. . 

14 

Wheat  bread 

4 

Loin 

20 

Bice 

7 

Pork : 

Loiii 

i Butter 1 

30 

* Canned  corn 

10 

Table  D. — Daily  dietaries — Food  materials  fiirnishiny  approximately  the  0.2S  pound  of 
protein  and  3,500  calories  of  energy  of  the  standard  for  daily  dietary  of  a man  at  moder- 
ate muscular  work. — Cost  estimated  from  prices  given  in  Table  C. 


Food  materials. 

Amount. 

Cost. 

1 ‘ 

Total. 

Xutr 

Protein. 

ients. 

Fats. 

Carbo- 

hydrates. 

j Fuel 
value. 

I. 

Ounces. 

Cents. 

Po^inds. 

Pounds. 

Pounds. 

Pounds. 

' Calories. 

13 

11.  40 

.26 

. 14 

. 12 

i 096 

3 

5.65 

. 16 

. 16 

1 080 

0 

1.25 

.17 

.02 

. 15 

i ■ 320 

Bread 

5;  50 

.89 

.12 

, .02 

1,760 

TT 

44 

23.80 

1.48 

■ .28 

.30 

.90 

3,  455 

X X , 

Pork  snlt  . _ . . 

4 

3 

.21 

.21 

880 

Butter 

2 

3.  75 

.11 

. 11 

■450 

Beaus 

10 

5 

.84 

.23 

.02 

1 .59 

1,615 

Bread  

8 

2 • 

.33 

.04 

.01 

.28 

010 

TTT 

30 

13.75 

1.49 

.27 

1 

, 35 

CO 

j 3, 585 

J..1.  A.  • 1 

Beef,  liver. 

9 

5.65 

.17 

.12 

.03 

.02 

375 

But tor  ! 

.3 

5.  65 

. 16 

. 16 

t 

780 

Milk,  h pint ] 

8 

1.75 

. 06 

.02 

.02 

.62 

105 

Corn  meal | 

12 

1.85 

.63 

.07 

.03 

.53 

1,  230 

Bread  

12 

3 

.50 

.07 

.01 

.42 

965 

IV. 

44 

17.  90 

1.52 

.28 

.25 

.99 

3,515 

Beef,  sirloin  steak  

12 

15 

.25 

. 12 

.13 

725 

Blitter  

3 

5.  65 

. 16 

. 16 

680 

Milk,  ]|  pints 

28 

6.15 

.22 

.06 

.08 

.08 

570 

Potatoes 

12 

. 95 

. 12 

.01 

. 11 

240 

Flour 

12 

1.85 

. 65 

.08 

.01 

.56 

1,235 

1 

Y 

07 

29.  60 

1.40 

.27 

.38 

. 75 

3,450 

Dfim  . 

12 

12 

.37 

. 11 

.26 

1,  300 

Pork  .salt 

1 

.35 

. 03 

. 03 

110 

Butter 

1^ 

1.90 

• . 05 

. 05 

225 

Potatoes 

8 

.65 

. 09 

.01 

.08 

160 

Beims 

5 

1.  55 

.27 

.07 

.01 

.19 

505 

Flour 

12 

1.85 

.65 

.08 

.01 

.56 

1,  235 

VT 

. 38i 

18.  30 

1.46 

.27 

.36 

.83 

3,535 

V i.. 

Beef  neck 

10 

L40 

. 19 

.10 

.09 

550 

Butter 

1 

1.  90 

. 05 

.05 

225 

Milk,  Ipint 

10 

3.  50 

.13 

.04 

• .04 

.’6.5 

325 

Potatoes 

10 

1.  25 

. 17 

. 02 

. 15 

320 

Oatmeal 

4 

1.25 

.23 

.04 

.02 

. 17 

460 

Bread 

16 

4 

.67 

:o9 

.02 

.56 

1,  280 

Sugar  

3 

. 95 

. 19 

. 19 

345 

00 

17.  25 

1.63 

.29 

.22 

1. 12 

3,  505 

1 

1 ■] 

" 

30 


Tahle  D. — Daily  dietaries — Food  materials  fiirnisliing  approximately  the  0.28  pound  of 
protein  and  3,500  calories  of  energy,  etc. — Coutinned.- 


Food  materials. 


YII. 

Beef,  shoulder 

iSalmoii,  eaniied  .. 

Butter 

ISlilk,  IJ  pints 

Potatoes 

Oatmeal 

Flour 

Sugar  


VIII. 


Beef,  chuck  . 

Ham 

Two  eggs 

Butter 

Milk,  1 pint. 

Potatoes 

Flour  

Sugar 


IX. 

Beef,  sirloin  steak. 

Mutton  cliops 

Butter 

lililk,  lA  pints 

Potatoes 

Oatmeal 

Brearl 

Sugar 


Beef,  neck. . 

Lobster 

Putter 

Milk,  1 pint 
Potatoes  ... 

Oatmeal 

Bread 

Suirar 


XI. 


Beef,  dried  . 
Mutton  leg. 

legg 

Butter 

Milk,  I pint 

Potatoes 

Oatmeal 

Bread 

Sugar 


XII. 

Beef,  round  steak 

Cod,  dried 

1 egg 

Butter 

!Milk,  lA  ))ints 

I’otatoes  

Oatmeal 

Flour 

Sugar 


XIII. 

Sausage 

(,'od,  whole 

Butter. 

lililk,  1 pint 

Beans 

Pice 

Sweet  ])otatoes 

Bread 

Sugar 


64 

1 30. 50 

1.48 

.28  1 

.38  [ 

.82 

3,  585 

j 12 

. 22 

.12 

. 10  ! .. 

i 

660 

j 8 

1 6 

.03 

.03  ... 

1 

65 

1 3 

5.  65 

. 16 

.16  '... 

680 

! 16 

3.  50 

.12 

.03 ; 

.04  1 

.05  i 

325 

' 8 

.65 

.09 

.01  ... 

i 

.08  i 

160 

i 2 

.65 

. 12 

.02  ■ 

.01  ! 

.09  i 

230 

3 

.50 

.07  1 

01  : 

.42  ! 

960 

1.25  j 

.25 

.25  ' 

460 

65 

25.95  i 

1.49 

.28 

.32 

1 .89 

1 3, 540 

3 

4.70  ' 

.06 

.05 

."oT 

1 140 

1 10 

11.25  i 

. 19 

.09 

. 10 

1 580 

1 H 

2 I 

.02 

.01 

.01 

1 70 

' • 3 

5 05  1 

. 16 

. 16 

! 680 

12 

2.65  1 

.09 

.02 

.03 

.04 

1 245 

*8 

.65  1 

.09 

.01 

.08 

1 160 

3 

.95 

. 17 

.03 

.01 

. 13 

345 

10 

2.50 

.42 

.06 

.01 

.35 

800 

4 

1.25 

.25 

.25 

1 460 

i 54a 

31.60 

1.45 

. 27 

.33 

3,  480 

1 8 

7 

. 16 

.09 

07  ! 

i 425 

2 

. 90 

. 03 

.03 

40 

11 

2.  00 

. 02 

.01 

. 01 

70 

3 

5.  65 

. 16 

. 16 

680 

20 

4.40 

. 15 

.04 

. 05 

.06 

1 405 

! 8 

65 

. 09 

. 01 

. 08 

160 

2 

. 6o 

,12 

.02 

.01 

.09 

230 

10 

1.55 

. 55  ! 

.07 

.01 

.47 

1,030 

1.25 

.25 

.25 

460 

58.1 

1 24. 05 

1 

1.53  j 

.27 

.31 

.95 

j 3, 500 

4 1 

I 3 1 

.14 

.03 

. 11 

510 

14 

7 

.07 

. 07 

140 

2 

3.  T 0 j 

. 11 

. 11 

450 

16 

3’  50 

.13 

.04 

.04 

.05 

325 

5 

1.  55  1 

.26 

.07 

.01 

.18 

505 

2 

.90 

.11 

.01 

. 10 

205 

16 

2 

.24 

.01 

.23 

420 

8 

2 i 

.33 

.04 

.01 

.28 

640 

3 

. 95  1 

. 19 

.19 

345 

70 

24.65  1 

1.58 

.27 

.28 

1.03 

3, 540 

1 

Amount. 

Cost. 

Xutrients. 

Fuel 

value. 

Total. 

Protein. 

Fats. 

Carbo- 

hydrates. 

Ounces. 

Cents. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Calories. 

8 

6 

. 16 

.09 

.07 

450 

4 

3.75 

.10 

.05 

.05 

245 

2A 

4.70 

. 13 

. 13 

565 

1 24 

5.  25 

.18 

.05 

.06 

.07 

485 

8 

.65 

.09 

.01 

.08 

160 

2 

.65 

. 11 

.02 

.01 

.08 

230 

10 

1.55 

. 55 

.07 

.01 

.47 

1,030 

3 

. 95 

.19 

.19 

345 

1 61i 

; 23. 50 

1.51 

.29 

.33 

.89 

3,510 

I 10 

6.25 

.22 

.09 

. 13 

800 

1 6 I 

6 

.19 

.06 

. 13 

650 

3 ' 

4 

.05 

.03 

.02 

135 

2 1 

3.  75 

. 11 

1 

. 11 

450 

16  ' 

3.  50 

.13 

.04 

.04 

.05 

325 

12 

.95 

.12 

1 .01  ' 

. 11 

240 

8 i 

1.25 

.44 

1 i 

.01 

.38 

825 

1 1 

.30 

.06 

.06  ! 

115 

58  j 

26 

1.32 

.28  1 

. 44 

.60  1 

3,540 

8 i 

10 

. 17 

.08  1 

.09 

485 

5 1 

6.  25 

. 14 

.04 

. 10 

465 

3.  75 

. 11 

.11 

450 

24  : 

5.  25 

. 18 

.05  1 

.06 

.07  i 

485 

8 ■ 

.65 

. 09 

.01  1 

.08  1 

160 

i ^ 

.95 

. 17 

.03 

.01 

. 13 

345 

12  i 

3 

.50 

.07  1 

.01  , 

.42. 

965 

1 L 

. 65 

.12 

1 

.12 

230 

31 


Table  D. — Daily  dietaries — Food  materials  furnishing  approximately  the  0.28  pound  of 
protein  and  3,500  calories  of  energy,  etc. — Continued. 


Nutrients. 


Food  materials 


XIV. 


Beef,  rump 

Mackerel 

Butter 

Cheese 

Milk,  1 pint 

Potatoes  

Oatmeal 

Flour  (wlieat) . . 
Flour  (Graham) 
Sugar 


XV. 

Beef,  shoulder 

Ham 

One  egg 

Butter 

Milk,  \ pint 

Potatoes  (white). . 
Sweet  potatoes  . . . 

Corn  meal 

Bread 

Sugar  


Amount. 

Cost. 

1 

- 

i 

Total. 

Prot*"in. 

Fats. 

1 Ocll  00” 

j hydrates. 

1 Ounces. 

Gents. 

Pounds. 

Pounds. 

Pounds. 

1 

j Pounds. 

6 

6 

. 17 

. 05 

. 12 

\ 

9 

. 10 

.07 

.03 

2 

3.  75 

. 11 

. 11 

i 

1 

1 

.04 

.02 

.02 

16 

3.50 

. 13 

.04 

. 04 

. 05 

8 

.65 

.09 

.01 

.08 

1 

.30 

. 05 

.01 

.04 

8 

1.25 

.44 

.05 

, 01 

.38 

4 

. 75 

.21 

.03 

.18 

2 

.65 

.12 

. 12 

00 

26.  85 

1.46 

.28 

.33 

. 85 

9 

6.75 

.18 

. 10 

.08 

6 

6 

.19 

.06  1 

.13 

i 

2 

.02 

.01 

.01 

li 

2.  80 

.08 

. 08 

8 

1.75 

.06  ■ 

.02 

.02 

.02 

8 

.65 

.09 

.01 

i .08 

8 

1 

. 12 

! .01 

.11 

8 

1.25 

.42 

. 05 

.02 

.35 

4 

1 

.16 

.02 

. 14 

2 

.65 

.12 

. 12 

Fuel 

value. 


Caloiies. 

590 

280 

450 

130 

325 

160 

115 

825 

405 

230 


3,510 


515 

655 

70 

340 

165 

160 

210 

825 

320 

230 


XVI. 

Beef,  chuck 

Mackerel,  salt 

Two  eggs 

Butter 

Cheese 

Milk,  1 pint 

Potatoes 

Kice 

Bread 

Sugar 


XVII. 

Ham 

Cod,  dried 

Three  eggs 

Butter 

Cheese 

Milk,  1 pint 

Potatoes  (white)  ... 

Sweet  potatoes 

Corn  meal 

Bread 

Sugar 


XVIII. 

Pork  chops,  loin 

Liver 

One  egg 

Butter  

Milk,  I pint 

Potatoes 

Turnips 

Corn,  canned 

Oatmeal 

Rice 

FloTir  (wheat) 

Flour  (Graham) 

Sugar 


56 

23.  85 

1.44 

.28 

.34 

.82 

3,490 

8 

1 5 

. 18 

.08 

. kF 

560 

4 

3 

.08 

.04 

! .04 

230 

3 

4 

.05 

.03 

.02 

135 

‘4 

4.  70 

. 13 

.13 

565 

1 

1 

.04 

.02 

.02 

130 

16 

3.  .50 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depaktmext  of  Agriculture, 

Bureau  of  Animal  Industry, 

Washington,  D.  C.,  November  10,  1894, 

Sir:  I have  the  honor  to  transmit  herewith  for  publication  as  a Farmers’  Bulletin 
an  article  on  “Hog  Cholera  and  Swine  Plague.”  The  annual  losses  from  these  two 
diseases  to  the  farmers  of  this  country  are  variously  estimated  from  $10,000,000  to 
$25,000,000.  It  is  the  object  of  this  bulletin  to  tell  the  farmer  how  to  identify  these 
diseases,  how  to  treat  them,  and  how  to  prevent  them ; and  it  is  believed  that  such 
information,  presented  in  a concise  and  systematic  manner,  will  prove  of  great  value 
to  the  swine-growers  of  this  country. 

Respectfully, 

D.  E.  Salmon, 

Chief  of  Bureau  of  Animal  Industry. 


Hon.  J.  Sterling  Morton, 

Secretary. 
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HOG  CHOLERA  AND  SWINE  PLAGUE. 


INTRODUCTORY. 

The  annual  losses  from  hog  cholera  in  the  United  States  are  unques- 
tionably very  heavy,  for,  although  all  diseases  of  swine  are  called 
cholera  by  people  not  familiar  with  them,  scientific  investigation  has 
confirmed  the  opinion  of  our  farmers  that  we  have  a widespread 
and  destructive  plague  to  which  the  term  hog  cholera  may  be  appro- 
priately applied.  The  researches  of  the  Bureau  of  Animal  Industry, 
conducted  in  the  most  thorough  and  systematic  manner  and  with  the 
aid  of  all  the  appliances  of  modern  science,  have  shown  that  there  is 
another  disease,  called  swine  plague,  which  appears  to  be  almost  as  com- 
mon and  fatal  as  hog  cholera. 

These  two  diseases  resemble  each  other  Very  closely  in  their  symp- 
toms, and  it  requires  an  examination  of  the  internal  organs  after  the 
animal’s  death,  and  in  many  cases  a microscopical  study,  to  clearly  dis- 
tinguish between  them.  Fortunately,  we  are  able  to  formulate  methods 
for  the  prevention,  cure,  and  eradication  of  these  diseases  which  may 
be  applied  with  the  same  success  to  both.  Hog  cholera  and  swine 
plague  are  not  only  similar  in  symptoms,  but  in  their  effect  upon  the 
bodies  of  the  affected  animals.  They  resemble  each  other  in  that  both 
are  caused  by  bacteria;  they  must  be  combated  by  measures  which 
will  prevent  exposure  to  these  bacteria  or  destroy  them  after  they  have 
been  introduced  upon  the  premises,  and  the  sick  animals  must  be 
treated  by  remedies  which  will  reduce  the  fever,  stop  the  multiplication 
of  the  germs,  and  assist  the  affected  organs  in  resuming  their  normal 
functions. 

The  difficulty  of  distinguishing  between  the  two  diseases  is,  there- 
fore, of  no  great  consequence  in  the  practical  work  of  controlling  them. 
It  is  important  to  know  that  one  or  the  other  of  these  maladies  is  pres- 
ent, because  this  knowledge  leads  at  once  to  the  adoption  of  the  meas- 
ures applicable  to  the  treatment  of  infectious  diseases.  Knowing  that 
we  have  either  hog  cholera  or  swine  plague  to  deal  with,  we  are  safe  in 
carrying  into  eftect  the  treatment  recommended  in  this  bulletin,  because 
the  agents  which  destroy  one  of  these  germs  will  generally  destroy  the 
other. 
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There  are  other  infectious  diseases  which  sometimes  attack  hogs,  but 
they  have  either  not  been  introduced  into  this  country  or  have  never 
approached  in  their  destructive  characters  the  two  diseases  named. 
The  erysipelas  of  the  continent  of  Europe  appears  to  be  the  most 
fatal  of  the  swine  diseases  in  the  countries  where  it  is  known.  It  has, 
however,  never  been  recognized  in  America  and  probably  has  never 
been  introduced  on  this  continent.  A few  years  ago  it  was  proposed 
by  enthusiastic  though  reckless  investigators  to  introduce  the  virus  of 
erysipelas  as  a vaccine  for  the  prevention  of  hog  cholera.  The  investi- 
gations of  the  Bureau  showed,  however,  that  the  diseases  were  not  sim- 
ilar; that  hog  cholera  could  not  be  prevented  by  the  vaccine  of  erysip- 
elas; and  that  the  only  effect  of  the  proposed  measure  would  be  the 
introduction  of  a new  plague,  probably  as  destructive  as  the  dreaded 
hog  cholera. 

This  incident  is  referred  to  because  it  is  one  of  the  clearest  illustra- 
tions we  could  have  of  the  value  of  the  scientific  investigations  con- 
ducted by  the  Government  and  the  necessity  of  an  official  institution 
in  this  country  competent  to  give  advice  on  such  important  questions. 
These  diseases  can-only  be  managed  in  the  light  of  a thorough  knowl- 
edge of  their  nature  and  characters;  otherwise,  the  chances  are  that 
efforts  for  their  suppression  will  lead  to  harm  rather  than  to  beneficial 
results. 

There  is  a disease  known  as  anthrax  which  may  attack  all  species 
of  warm-blooded  animals  and  sometimes  affects  the  hogs  in  limited 
areas  of  this  country.  This  disease  does  not  spread  from  farm  to  farm 
with  the  rapidity  nor  to  anything  like  the  distance  that  is  common 
with  hog  cholera.  When  it  exists,  cattle  and  sheep,  and  often  horses, 
are  also  affected;  and  the  hogs  usually  contract  it  from  eating  the 
carcasses  of  animals  that  have  died  with  it.  Anthrax  is  confined  to 
certain  regions  of  the  country,  and  is  seen  in  those  regions  year  after 
year.  It  is  not  a common  disease  with  hogs. 

These  are  about  the  only  diseases  liable  to  be  mistaken  for  hog 
cholera  and  swine  plague,  and  as  one  of  them  has  never  been  seen  in 
this  country,  and  as  the  other  is  infrequent  and  more  often  affects  other 
species  of  animals,  it  is  plain  that  any  contagious  disease  confined  to 
swine  which  breaks  out  in  this  country  is  in  all  probability  either  hog 
cholera  or  swine  plague. 

GENERAL  CHARACTERS. 

Hog  cholera  and  swine  plague  are  both  very  fatal  and  destructive. 
They  affect  hogs  in  all  parts  of  the  United  States,  and  cause  heavy 
losses,  which  have  been  estimated  to  reach  from  $10,000,000  to  $25,000,- 
000  annually. 

Owing  to  the  resemblance  in  the  features  of  the  two  diseases  and 
the  impossibility  of  distinguishing  between  them  except  by  scientific 
investigation,  we  can  not  say  what  proportion  of  this  loss  should  be 
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ascribed  to  one  disease  and  what  to  the  other.  Both  diseases  are 
known  to  be  common,  and  both  spread  by  infection. 

Hog  cholera  is  particularly  fatal  to  young  pigs,  and  often  attacks 
them  when  the  old  hogs  escape.  The  older  animals  have  a greater 
power  of  resistance  to  the  virus,  and  this  power,  which  is  also  known 
as  immunity,  is  increased  when  hogs  have  been  exposed  and  only  so 
slightly  infected  that  they  have  recovered  after  an  illness  of  some 
duration,  or  without  showing  any  evident  symptoms  of  the  disease.  In 
other  words,  if  hog  cholera  breaks  out  among  a herd  of  swine  and  is 
checked  and  apparently  eradicated  by  medical  treatment,  the  hogs 
that  are  saved  are  capable  of  resisting  the  contagion  on  the  premises, 
while  purchased  hogs  that  have  not  been  exposed  will,  when  put  with 
the  others,  contract  the  disease  and  die.  This  shows  that  the  virus 
has  remained  upon  the  ])remises  and  the  hogs  have  been  saved  not  by 
the  destruction  of  the  contagion,  but  by  keeping  the  infected  hogs 
alive  until  they  became  immune.  This  is  an  important  fact,  and  one 
which  should  be  kept  constantly  in  mind  in  applying  measures  of  pre- 
vention. 

The  virus  of  hog  Cliolera  is  more  tenacious,  more  resisting  to  the  con- 
ditions which  affect  the  vitality  of  bacteria  than  that  of  swine  plague, 
and  it  is  also  more  easily  spread  and  communicated  to  healthy  animals. 
Swine  contract  hog  cholera  by  taking  the  virus  into  the  body  with  the 
food  or  drink,  by  inhaling  it  with  the  air,  and  less  frequently  by  its 
gaining  entrance  through  the  surface  of  a fresh  wound.  On  the  other 
hand,  the  virus  of  swine  plague  is  generally,  if  not  always,  taken  into 
the  lungs  with  the  inhaled  air. 

The  time  that  elapses  between  infection  and  the  appearance  of  the 
first  symptoms  of  illness,  known  as  the  period  of  incubation,  varies 
from  four  to  twenty  days.  During  this  i)eriod  the  germs  are  multiiffy- 
ing  slowly  and  are  gradually  overcoming  the  vital  powers  of  the  animal 
by  means  of  poisonous  substances  which  they  produce  as  the  result  of 
their  growth. 

SYMPTOMS. 

The  symptoms  of  serious  diseases  of  swine  are  not  as  characteristic 
as  with  the  larger  animals.  In  the  most  acute  and  most  severe  cases 
the  animals  die  very  suddenly,  either  before  sickness  has  been  observed 
or  after  they  have  been  ill  but  a few  hours.  Such  cases  are  seen  most 
frequently  when  the  disease  first  appears  in  a herd.  In  the  greater 
number  of  cases  the  progress  of  the  malady  is  slower,  and  there  is  con- 
sequently a much  better  opportunity  to  observe  the  symptoms.  There 
is  first  seen  the  signs  of  fever,  shivering,  unwillingness  to  move,  more 
or  less  loss  of  appetite,  elevation  of  temperature  which  may  reach  106^  to 
1070  F. ; the  animals  appear  stupid  and  dull,  and  have  a tendency  to  hide 
in  the  litter  or  bedding  and  remain  covered  by  it.  The  bowels  may  be 
normal  or  constipated  at  the  beginning  of  the  attack,  but  later  there  is 
generally  a liquid  and  fetid  diarrhea,  abundant,  exhausting,  and  per- 
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sisting  to  the  end.  The  eyes  are  at  first  congested  and  watery,  but 
soon  the  secretion  thickens,  becomes  yellowish,  accumulates  in  the 
angles  and  gums  the  lids  together.  The  breathing  is  more  rapid  that 
usual  and  may  be  oppressed  and  labored  in  the  later  stages.  There  is 
a cough,  which,  however,  is  not  very  frequent,  and  generally  heard 
when  the  animals  are  driven  from  their  bed.  It  may  be  a single  dry 
cough,  or  it  may  be  paroxysmal.  The  skin  is  often  congested  and  red 
over  the  abdomen,  inner  surface  of  the  limbs,  under  surface  of  the  neck, 
and  on  the  ears.  The  color  varies  from  a pinkish  red  to  dark  red  or 
purple.  An  eruption  is  sometimes  seen,  which  leaves  crusts  or  scabs 
of  various  sizes  over  the  skin.  There  is  rapid  loss  of  flesh,  the  animal 
grows  weak,  stands  with  arched  back  and  the  abdomen  drawn  up,  and 
walks  with  a tottering,  uncertain  gait.  There  is  less  and  less  inclina- 
tion or  ability  to  move,  and  the  weakness  and  exhaustion  increase  until 
death  results. 

The  symptoms  of  swine  plague  in  many  cases  are  not  noticeably 
diflerent  from  those  of  hog  cholera.  Frequently,  however,  the  lungs 
are  extensively  inflamed  in  swine  plague,  and  in  that  condition  the 
breathing  is  more  oppressed  and  labored,  and  the  cough  more  frequent 
and  painful. 

The  course  of  these  diseases  varies  from  one  or  two  days  to  two  or 
three  weeks. 

APPEARANCES  ON  POST-MORTEM  EXAMINATION. 

The  germs  of  hog  cholera  have  a habit  of  collecting  or  growing  in 
clumps  in  the  blood  vessels,  which  leads  to  a plugging  of  the  smaller 
vessels,  with  frequent  rupture  and  escape  of  blood.  This  causes  red 
spots  where  the  blood  leaves  the  vessels  and  collects  in  the  solid  tissues. 
These  spots  are  variously  referred  to  as  petechiae,  ecchymoses,  hemor- 
rhages, and  extravasations  of  blood.  They  are  common  in  hog  cholera 
for  the  reason  given.  In  swine  plague  the  bacteria  are  evenly  diffused 
through  the  blood,  never  form  plugs,  and  therefore  hemorrhages  from 
this  cause  are  not  seen. 

In  the  most  acute  forms  of  hog  cholera  the  changes  seen  in  the 
various  organs  consist  principally  of  these  red  spots  caused  by  hemor- 
rhages of  greater  or  less  extent. 

The  spleen  is  generally  enlarged  to  from  two  to  four  times  its  normal 
size,  is  soft,  and  engorged  with  blood. 

The  blood  extravasations  are  frequent  in  the  lymphatic  glands; 
beneath  the  serous  membranes  of  the  thorax  and  abdomen,  and  par- 
ticularly along  the  intestines;  on  the  surface  and  in  the  substance  of 
the  lungs  and  kidneys;  on  the  mucous  surface  of  the  stomach  and 
intestines;  and  in  the  connective  tissue  beneath  the  skin.  The  con- 
tents of  the  intestines  are  sometimes  covered  with  clotted  blood. 

The  diseases  of  Europe  which  appear  very  closely  related  to  our 
swine  plague  {schiceineseuche,  wildseuche)  also  have  a hemorrhagic  form^ 
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but  this  has  not  been  observed  in  America,  although  hemorrhagic 
inflammation  of  the  stomach  and  intestines  has  been  seen  in  swine  plague. 
Cases  of  swine  plague  with  external  swellings  caused  by  an  infiltration 
of  yellow  lymph  in  the  subcutaneous  connective  tissue,  generally  of  the 
neck,  have  been  seen,  but  are  rare  in  this  country. 

The  subacute  and  chronic  forms  of  hog  cholera  and  swine  plague  are 
more  common.  In  this  form  of  hog  cholera  the  principal  changes  are 
found  in  the  large  intestine  and  consist  of  ulcers  which  appear  as  cir- 
cular, slightly  projecting  masses  varying  in  color  from  yellowish  to 
black.  Occasionally  these  ulcers  are  slightly  depressed  and  uneven  in 
outline.  When  cut  across,  they  are  found  to  consist  of  a firm,  solid 
growth  extending  nearly  through  the  intestinal  wall.  They  are  most 
frequent  in  the  ciecum,  upper  half  of  the  colon,  and  on  the  ileo-cieeal 
valve. 

In  the  chronic  form  of  the  disease  the  spleen  is  rarely  enlarged;  the 
lymphatic  glands  of  the  atfected  intestine  are  enlarged  and  tough.  In 
the  more  acute  cases  lung  lesions  may  be  found,  varying  from  collapse 
and  oedema  of  the  lung  tissue  to  broncho-pneumonia. 

In  swine  plague  the  lungsare  often  found  inflamed,  and  to  contain  large 
numbers  of  small  points,  which  may  be  made  out  by  loss  of  color,  where 
the  life  of  the  tissue  has  been  destroyed  (necrotic  foci).  There  may  be 
also  found  in  the  lungs  large  cheese-like  masses  from  to  2 inches  in 
diameter.  Inflammation  of  the  serous  membranes  is  very  common  in 
swine  plague,  and  this  may  be  found  affecting  the  pleura,  pericardium, 
and  peritoneum,  accompanied  with  fibrinous,  inflammatory  deposits  on 
the  surface  of  these  membranes.  There  may  be  congestion  of  the  mucous 
membrane  of  the  intestines,  particularly  of  the  large  intestine;  or  the 
disease  in  this  region  may  be  more  intense  and  lead  to  a croupous 
inflammation  with  the  formation  of  a fibrinous  exudative  deposit  on  the 
surface. 

In  hog  cholera  the  first  effect  of  the  disease  is  believed  to  be  upon 
the  intestines,  with  secondary  invasion  of  the  lungs.  In  swine  plague 
the  first  effect  is  believed  to  be  upon  the  lungs,  and  the  invasion  of  the 
intestines  a subsequent  process. 

Briefly  reviewing  these  changes,  we  find  that  the  most  characteristic 
lesions  of  hog  cholera  consist  of: 

(1)  Hemorrhages,  particularly  in  the  subcutaneous,  submucous,  and 
subserous  connective  tissue;  in  the  lymphatic  glands,  and  in  the 
various  organs  of  the  body. 

(2)  Ulcerations  of  the  large  intestines. 

(3)  Collapse  of  lung  tissue,  and,  less  frequently,  broncho-pneumonia. 

The  most  characteristic  lesions  of  swine  plague  are: 

(1)  Inflammation  of  lungs;  numerous  small  necrotic  points  in  these 
organs,  or  a few  larger  cheesy  masses. 

(2)  Inflammation  of  serous  membranes  with  fibrinous  deposits. 
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(3)  Congestion  of  mncons  membrane  of  intestine,  or  inflammation 
of  the  same  with  iibrinous  deposits. 

ISotwithstandiiig  this  clear  difference  in  typical  cases,  there  are  many 
outbreaks  where  it  is  difficult  to  make  a diagnosis  even  after  i)ost* 
mortem  examination,  because  both  diseases  may  be  affecting  the  same 
animal  at  the  same  time,  or  the  changes  may  resemble  both  diseases 
without  being  very  characteristic  of  either.  In  such  cases  it  is  only 
by  microscopic  examination  and  cultivation  of  the  germs  that  a reliable 
diagnosis  can  be  made. 

THE  CAUSE  OF  THESE  DISEASES. 

Both  hog  cholera  and  swine  plague  are  caused  by  bacteria,  which 
have  now  been  so  carefully  studied  that  they  may  be  easily  identified 
by  persons  accustomed  to  bacteriological  researches.  The  hog-cholera 
germs  are  slightly  larger  and  more  elongated  than  those  of  swine  plague; 
they  are  provided  with  flagella,  or  long  thread-like  appendages,  which 
enable  them  to  move  rapidly  in  liquids;  while  the  swine-plague  germs 
have  no  such  organs,  and  are  unable  to  move  except  as  they  are  carried 
by  the  liquid  in  wliich  they  float. 

Hog-cholera  bacteria,  when  inoculated  in  minute  doses,  are  fatal  to 
mice,  rabbits,  and  guinea  pigs,  and  in  large  doses  may  kill  pigeons. 
Swine  plague  germs  are  fatal  to  these  animals  and  also  to  fowls. 

Hog  cholera  may  be  produced  experimentally  (1)  by  exposing  well 
hogs  to  diseased  ones  in  the  same  pens;  (2)  by  feeding  the  internal 
organs  of  diseased  carcasses  or  cultures  of  the  germs;  (3)  by  hypo- 
dermic injection  of  cultures  of  the  germs  in  doses  of  one-half  to  1 cc. 
or  greater. 

Swine  plague  may  be  produced  experimentally  (1)  by  cohabitation; 
(2)  by  injecting  cultures  of  the  germs  into  the  lung  tissue. 

In  some  outbreaks  the  swine-plague  germs  may  produce  the  disease 
if  they  are  injected  hypodermically,  but  as  a rule  the  swine  plague  of 
this  country  can  not  be  communicated  in  that  way.  Cultures  of  the 
bacteria  of  swine  plague  have  been  fed  to  hogs,  and  have  been  sprayed 
into  the  air  which  they  were  breathing,  without  causing  the  disease. 

Both  diseases  are  produced  by  injecting  cultures  of  their  respective 
germs  directly  into  the  blood  vessels. 

From  the  results  of  experiments  with  these  diseases  it  has  been  con- 
cluded that  the  germs  of  hog  cholera  find  their  wa}^  into  the  bodies  of 
swine  principally  with  the  food  and  drink  and  with  the  inspired  air; 
while  those  of  swine  plague  are  taken  almost  entirely  with  the  air,  or, 
at  least,  they  almost  invariably  gain  entrance  through  the  lungs. 

Hog-cholera  germs  are  very  hardy  and  vigorous.  They  are  able  to 
multiply  and  live  for  a long  time  in  the  water  of  ponds  and  streams; 
they  may  live  in  the  soil  for  at  least  three  months,  and  in  accumulations 
of  straw  and  litter  for  a much  longer  time;  they  withstand  drying  and 
other  adverse  conditions  in  a remarkable  manner. 
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The  swine-plague  germs,  on  the  contrary,  are  very  delicate  and  easily 
destroyed.  They  soon  perish  in  water  or  by  drying;  the  temperature 
for  their  growth  must  be  more  constant  and  every  condition  of  life 
more  favorable  than  is  required  for  the  hog-cholera  germs.  The  swine- 
plague  germs  are  widely  distributed  in  nature  and  are  probably  pres- 
ent in  all  herds  of  swine,  but  they  are  not  deadly  to  these  animals  except 
when  their  virulence  has  been  increased  or  the  resistance  of  the  animals 
diminished  by  some  unusual  conditions.  The  hog-cholera  germs,  on 
the  contrary,  are  not  usually  present  and  must  be  introduced  from 
infected  herds  before  this  disease  can  be  developed.  The  swine-plague 
germs  may  acquire  sufficient  virulence,  by  encountering  proper  condi- 
tions on  one  farm,  to  spread  to  adjoining  farms  in  the  same  manner 
as  hog  cholera.  There  are,  hence,  practically  the  same  conditions  to 
guard  against  in  the  prevention  of  the  two  diseases. 

DIAGNOSIS. 

The  first  question  that  occurs  to  the  owner  of  swine  when  disease 
appears  among  his  animals  is.  What  is  the  disease  with  which  they  are 
affected?  It  is  important  to  briefly  consider  in  this  place  the  nature 
of  the  evidence  upon  which  this  question  is  to  be  answered. 

If  several  animals  are  aftected  with  the  symptoms  already  enu- 
merated, and  if  the  same  disease  has  been  affecting  the  hogs  on  neigh- 
boring farms,  we  may  decide  that  one  or  both  of  the  diseases  in  ques- 
tion are  present,  since  no  other  epizootic  disease  has  been  recognized 
in  this  country. 

In  anthrax  districts  there  may  be  occasional  small  outbreaks  of  that 
disease,  in  which  there  is  great  inflammation  and  swelling  of  the  tongue 
(glossanthrax),  or  of  the  throat  (anthrax  angina),  or  simply  a fever 
with  no  local  swellings.  If  the  disease  is  anthrax,  other  species  of  ani- 
mals, horses,  cattle,  and  sheep,  will  also  be  affected. 

If,  on  examining  the  carcass  after  death,  projecting  button-like  ulcers 
are  found  in  the  large  intestines,  we  know  that  hog  cholera  is  present. 
It  must  be  remembered,  however,  that  these  ulcers  are  not  found  in 
the  most  acute  cases,  but  only  in  the  subacute  or  chronic  form  of  the 
disease  where  life  is  prolonged  a sufficient  time  for  them  to  form. 

If  there  is  inflammation  of  the  lungs  and  particular!}^  if  cheese-like 
masses  are  found  in  the  substance  of  these  organs,  the  disease  is  prob- 
ably swine  plague. 

Small  blood  sxiots  in  the  tissues  or  scattered  over  the  internal  organs 
indicate  hog  cholera,  while  inflammation  of  the  serous  membranes  indi- 
cates swine  plague. 

A bacteriological  examination  is  the  final  test,  but  neither  this  nor 
inoculation  experiments  are  available  to  the  farmer,  for  whose  use  this 
bulletin  is  i^repared. 

PROGNOSIS. 

The  losses  which  result  from  outbreaks  of  hog  cholera  and  swine 
plague  deiiend  partly  upon  the  condition  of  the  hogs — that  is,  upon 
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their  susceptibility  to  the  disease — and  partly  upon  the  virulence  of  the 
contagion  in  the  x)articular  outbreak.  If  the  animals  are  very  suscep- 
tible and  the  contagion  very  virulent,  the  loss  even  in  large  herds  may 
reach  90  to  95  or  even  100  per  cent  in  those  cases  where  the  disease  is 
allowed  to  run  its  course.  In  milder  outbreaks  or  with  animals  more 
capable  of  resisting  the  contagion  the  losses  vary  from  20  to  60  per 
cent.  Toward  the  end  of  an  outbreak  a larger  proportion  of  animals 
will  recover  than  at  the  beginning.  A portion  of  those  recovering  will 
fatten,  but  others  remain  lean,  stunted  in  their  growth,  or  never  become 
really  healthy  animals. 

THE  TREATMENT  OF  HOG  CHOLERA  AND  SWINE  PLAGUE. 

Can  hog  cholera  be  cured?  and,  if  so,  what  remedy  will  restore  the 
diseased  animals  to  health  ? These  are  the  first  questions  asked  by  the 
swine-grower,  and  to  his  mind  this  should  be  the  objective  point  of  all 
investigations.  With  all  diseases  of  this  class,  however,  prevention  is 
cheaper  and  in  every  way  more  satisfactory  than  medical  treatment. 
The  great  aim  of  the  Goverment  and  the  farmers  should  be,  therefore, 
to  prevent  the  spread  of  infectious  diseases.  Every  swine-grower 
should  use  the  utmost  precautions  to  prevent  the  introduction  of  these 
plagues  into  his  herd.  In  spite  of  such  preventive  measures  many 
herds  will  become  infected.  Until  the  Federal  Government  or  the  indi- 
vidual States  enforce  measures  of  eradication,  it  is,  consequently,  legit- 
imate to  ask  and  to  answer  the  question  as  to  the  proper  medical  treat- 
ment. 

Before  formulating  this  treatment  it  should  be  explained  that  a rem- 
edy which  will  cure  every  case  is  not  to  be  expected.  There  has  never 
been  discovered  a remedy  for  a single  one  of  the  infectious  diseases  of 
man  or  animals  which  will  cure  every  individual  attacked.  Some  forms 
of  these  diseases  are  so  violent  and  rapid  that  the  animals  are  dead 
almost  before  they  are  observed  to  be  sick.  Under  such  conditions 
there  is  not  time  for  the  most  active  remedy  to  produce  a beneficial 
efiect. 

In  many  outbreaks  the  type  of  the  malady  is  less  virulent  and  there 
is  time  to  treat  the  animals  after  they  are  sick,  and  also  the  whole  herd 
after  some  members  of  it  have  shown  that  they  are  diseased.  For  a 
long  time  after  beginning  the  investigations  of  the  infectious  diseases 
of  swine,  the  writer  was  doubtful  if  any  remedy  or  combination  of  rem- 
edies could  be  made  which  would  produce  any  marked  effect.  The 
experiments  of  the  last  year,  however,  indicate  that  treatment  if  prop- 
erly applied  may  be  successful.  With  the  assistance  of  Dr.  E.  A. 
de  Schweinitz,  chemist  of  the  Bureau,  and  Dr.  V.  A.  Norgaard,  inspect- 
or, a number  of  formulas  have  been  developed  and  used  in  the  field 
with  good  results. 
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The  most  efficacious  formula  which  has  been  tried  is  the  following: 

Pounds. 


Wood  charcoal 1 

Sulphur 1 

Sodium  chloride 2 

Sodium  bicarbonate 2 

Sodium  hyposulphite 2 

Sodium  sulphate 1 

Antimony  sulphide  (black  antimony) I 


These  ingredients  should  be  completely  pulverized  and  thoroughly 
mixed. 

The  dose  of  this  mixture  is  a large  tablespoonful  for  each  200  pounds 
weight  of  hogs  to  be  treated,  and  it  should  be  given  only  once  a day. 
When  hogs  are  affected  with  these  diseases  they  should  not  be  fed  on 
corn  alone,  but  they  should  have  at  least  once  a day  soft  feed,  made  by 
mixing  bran  and  middlings,  or  middlings  and  corn  meal,  or  ground  oats 
and  corn,  or  crushed  wheat  with  hot  water,  and  then  stirring  into  this 
the  x)roper  quantity  of  the  medicine.  Hogs  are  fond  of  this  mixture,  it 
increases  their  appetite,  and  when  they  once  taste  of  food  with  which, 
it  has  been  mixed  they  Avill  eat  it  though  nothing  else  would  tempt  them. 

Animals  that  are  very  sick  and  that  will  not  come  to  the  feed  should 
be  drenched  with  the  medicine  shaken  up  with  water.  Great  care 
should  be  exercised  in  drenching  hogs  or  they  will  be  suffocated.  Ho 
not  turn  the  hog  on  its  back  to  drench  it,  but  jmll  the  cheek  away  from 
the  teeth  so  as  to  form  a pouch,  into  which  the  medicine  may  be  slowly 
poured.  It  will  flow  from  the  cheek  into  the  mouth,  and  when  the  hog 
finds  out  what  it  is,  it  will  stoj)  squealing  and  swallow.  In  our  experi- 
ments hogs  which  were  so  sick  that  they  would  eat  nothing  have 
commenced  to  eat  very  soon  after  getting  a dose  of  the  remedy,  and 
have  steadily  improved  until  they  appeared  perfectly  well. 

This  medicine  may  also  be  used  as  a preventive  of  these  diseases, 
and  for  this  purpose  should  be  put  in  the  feed  of  the  whole  herd.  Care 
should  of  course  be  observed  to  see  that  each  animal  receives  its  proper 
share.  In  cases  where  it  has  been  given  a fair  trial,  it  has  appar- 
ently cured  most  of  the  animals  which  were  sick  and  has  stopped  the 
progress  of  the  disease  in  the  herds.  It  also  appears  to  be  an  excel- 
lent appetizer  and  stimulant  of  the  i)rocesses  of  digestion  and  assimi- 
lation, and  when  given  to  unthrifty  hogs  it  increases  the  appetite,  causes 
them  to  take  on  flesh,  and  assume  a thrifty  appearance. 

This  is  a resume  of  the  reports  from  the  tests  of  this  medicine  during 
the  last  year,  and  while  I should  prefer,  from  a scientific  point  of  view, 
to  continue  these  experiments  for  another  year  before  venturing  to 
recommend  it  as  a remedy  for  these  diseases,  the  many  urgent  requests 
which  have  been  made  upon  me  for  the  formula  lead  me  to  give  it  in 
time  for  it  to  be  tried  by  our  farmers  during  the  current  year.  Those 
who  are  interested  in  this  subject  are  earnestly  requested  to  try  this 
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mixture  and  report  their  results  to  this  Bureau  for  the  benefit  of  the 
hog-raising  industry. 

Success  or  failure  with  this  remedy  depends  largely  upon  the  man- 
ner in  which  it  is  used.  If  it  is  improperly  administered,  or  the  hogs 
left  out  in  cold  storms  and  comi)elled  to  remain  day  and  night  in  mud 
six  inches  or  a foot  deep,  under  the  necessity  of  searching  through  this 
mud  to  find  an  ear  of  corn  in  order  to  get  anything  to  eat,  the  farmer 
might  as  well  save  his  money  and  let  his  hogs  die,  as  nothing  which 
we  have  been  able  to  find  will  save  them  under  such  conditions.  If, 
on  the  other  hand,  the  sick  animals  can  be  made  reasonably  comfort- 
able, and  given  soft,  easily  digested  food  to  eat,  the  medicine,  of  which 
we  have  just  given  the  formula,  may  be  used  with  confidence  that  it 
will  give  good  returns  for  its  cost  and  the  trouble  of  its  adminis- 
tration. 

In  treating  hogs  for  these  diseases  it  must  not  be  forgotten  that  in 
nearly  all  cases  there  is  more  or  less  inflammation  of  the  internal  organs, 
and  particularly  of  the  stomach  and  intestines.  To  treat  such  diseases 
successfully  the  animals  should  be  kept  dry  and  comfortable,  and  where 
drafts  of  air  will  not  blow  ui^on  them.  The  food  must  be  such  as 
can  be  digested  by  the  irritated  and  inflamed  organs  which  are  charged 
with  this  function.  With  these  general  principles  in  mind  the  farmer 
may  undertake  to  treat  his  sick  hogs  with  a fair  prospect  of  success. 
He  may  not  save  them  all,  but  he  should  be  able  to  preserve  a good  pro- 
portion of  them. 

The  question  now  arises.  What  disposition  should  be  made  of  the  hogs 
during  treatment,  and  what  sanitary  measures  should  be  adopted  in 
addition  to  the  medical  treatment?  When  the  hogs  are  first  found  to  be 
afiected  with  hog  cholera  or  swine  plague  the  lot  or  pens  where  they 
have  been  confined  should  be  disinfected  by  dusting  iflentifully  with  dry, 
air-slaked  lime,  or  by  sprinkling  with  a 5 per  cent  solution  of  crude  car- 
bolic acid.  The  animals  should  then  all  be  moved  to  new  quarters.  If 
possible,  the  sick  and  apparently  well  should  be  separated  before  they 
are  moved  and  then  put  into  diiferent  lots.  This  is  not  essential,  but 
it  is  an  aid  to  the  treatment.  The  hogs  should  be  kept  in  dry  lots,  or 
pens,  where  there  is  no  mud,  and,  above  all,  no  stagnant  water.  It  is 
well  to  keep  these  lots  disinfected  by  the  free  use  of  air-slaked  lime  or 
carbolic  acid. 

It  is  not  expected  by  this  supplementary  treatment  that  the 'hogs 
will  be  entirely  removed  from  the  influence  and  attacks  of  germs. 
This  is  not  necessary.  The  number  of  germs  which  gain  access  to 
their  bodies  may  be  so  reduced  by  following  this  plan,  however,  that 
the  vital  force  of  the  system,  assisted  by  the  medicine,  is  sufficient  to 
overcome  them. 

During  this  treatment  the  hogs  gain  a marked  degree  of  immunity. 
No  doubt  this  is  the  result  of  attacks  of  the  disease  from  which  they 
recover.  This  recovery  is  in  spite  of  the  continued  infection  of  the 
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premises,  and  even  thongh  the  hogs  which  have  gone  through  the  out- 
break are  apparently  well  and  thriving,  new  hogs  added  to  the  herd 
are  liable  to  be  attacked.  For  this  reason  five  or  six  months  should 
be  allowed  to  pass  before  any  new  hogs  are  purchased  and  brought  on 
the  premises  or  before  any  are  sold  to  be  put  among  other  lots  of  hogs. 
Young  pigs  born  under  such  conditions  in  some  cases  are  able  to  resist 
the  infection,  while  in  other  eases  they  may  suffer  severely  or  die. 

Jf  any  hogs  die  during  the  progress  of  the  outbreak  their  carcasses 
should  be  immediately  burned  or  deeply  buried,  and  the  places  where 
they  have  lain  or  the  ground  over  which  they  are  dragged  should  be 
disinfected  with  carbolic  acid  or  lime  according  to  the  method  already 
mentioned. 

SANITARY  MEASURES  TO  PREVENT  THE  INTRODUCTION  OF  HOG 
CHOLERA  AND  SWINE  PLAGUE. 

The  swine-grower  should  use  every  effort  to  prevent  the  introduction 
of  the  contagion  of  these  diseases  upon  his  premises.  If  he  purchases 
hogs  from  a distance  or  sends  his  own  animals  for  exhibition  at  the 
fairs,  he  should  insist  upon  their  being  transported  in  clean  cars,  which 
have  been  disinfected  if  they  have  previously  carried  swine.  When 
new  hogs  are  brought  upon  the  farm  or  when  his  own  return  from  exhi- 
bition, they  should  be  rigidly  quarantined  and  not  allowed  to  come  in 
contact  with  the  other  hogs  on  the  farm  for  at  least  six  weeks. 

Hogs  should  not  be  allowed  to  run  at  large  in  the  vicinity  of  railroads 
over  which  swine  are  transported.  Infected  hogs  are  frequently  shipped 
to  market,  and  there  are  sufficient  droppings  from  the  cars  in  which 
they  are  carried  to  scatter  the  contagion  along  the  railroad  for  the 
whole  distance  they  travel. 

When  these  diseases  appear  upon  a neighboring  farm  precautions 
should  be  adopted  to  prevent  the  introiluction  of  the  contagion.  No 
one  should  go  upon  the  fields  or  into  the  pens  where  the  sick  animals 
are  and  then  go  to  another  farm  where  the  disease  has  not  appeared. 
Eem ember  that  a particle  of  manure  or  dirt  the  size  of  a mustard  seed 
from  an  infected  farm  is  sufficient  to  start  an  outbreak  that  will  destroy 
a herd  of  swine.  A particle  of  that  size  may  be  carried  upon  the  shoes 
of  a visitor,  upon  the  foot  of  a dog  or  other  animal,  upon  a wagon 
wheel,  or  in  a multitude  of  other  ways.  Nonintercourse  at  such  a time 
is  therefore  the  safest  rule. 

Experience  shows  that  hogs  kept  up  in  a pen  or  small  lot  are  less 
subject  to  infection  when  cholera  is  in  the  neighborhood  than  those 
which  are  allowed  to  run  at  large  or  in  the  fields.  It  is,  conse- 
quently, advisable,  when  there  is  reason  to  fear  this  disease,  to  keei) 
the  hogs  in  a small  inclosure,  which  should  be  as  dry  as  possible,  and 
disinfected  once  a week  with  air-slacked  lime  or  a 5 per  cent  solution 
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of  carbolic  acid.  A small  quantity  of  carbolic  acid  (3  to  15  drops, 
according  to  age)  in  tbe  drinking  water  tends  to  prevent  infection  and 
msLy  have  a beneficial  infiuence  upon  the  course  of  the  disease. 

PREVENTION  OF  DISEASE  BY  PROPER  BREEDING  AND  FEEDING. 

There  is  occasionally  a herd  of  swine  that  does  not  contract  hog  chol- 
era even  though  exposed  to  the  contagion.  Two  herds  may  sometimes 
run  together  and  be  exposed  to  the  same  extent;  one  will  be  nearly  or 
quite  destroyed,  while  the  other  does  not  suffer.  These  facts  naturally 
lead  to  the  inquiry  as  to  whether  it  is  possible  to  so  breed  and  feed 
hogs  as  to  largely  or  entirely  prevent  the  most  common  diseases.  To 
what  extent  disease  may  be  i^revented  in  this  way,  we  are  not  in  a posi- 
tion to  state,  as  we  are  not  familiar  with  enough  experiments  to  enable 
us  to  reach  a conclusion.  It  is  clear,  however,  that  something  can  be 
accomplished  in  this  way,  and  as  the  carrying  out  of  the  i)lan  would 
also  increase  the  hardiness  and  thriftiness  of  the  swine  it  is  certainly 
worthy  of  adoption. 

The  first  principle  of  this  method  of  prev^ention  is  to  breed  only 
from  mature  breeding  stock  which  is  only  distantly  or  not  at  all  related. 
The  second  principle  is  to  select,  if  iiossible,  animals  for  breeding  stock 
which  have  shown,  by  having  passed  through  an  outbreak  without 
becoming  affected,  that  they  possess  a power  of  resisting  hog  cholera. 
The  third  principle  is  to  feed  the  growing  shoats  upon  a variety  of 
food  which  will  lead  to  normal  and  harmonious  development  of  all  the 
diftei  ent  organs.  The  application  of  these  principles  must  be  made  by 
tlie  individual  breeder  in  accordance  with  his  circumstances  and  sur- 
rounding conditions.  The  breeding  from  mature  animals  which  are 
not  closely  related  can  be  easily  adopted  by  anyone.  The  selection  of 
stock  which  has  shown  that  it  iiossesses  a power  of  resisting  the  dis- 
ease is  much  more  diflicult,  and  in  many  cases  it  will  be  impossible  for 
the  general  farmer,  though  there  are  many  breeders  who  could  experi- 
ment in  this  direction. 

The  diet  of  corn  alone,  upon  which  the  hogs  of  so  large  a part  of  the 
country  are  raised,  has  done  more  than  anything  else  to  weaken  the 
vital  powers  of  these  animals.  With  wheat  selling  in  the  markets  of 
the  country  as  low  as  corn,  there  is  no  longer  any  excuse  for  limiting 
the  food  of  hogs  to  a single  grain.  Wheat  is  much  better  than  corn 
for  growing  animals,  but  should  be  crushed  or  rolled  to  give  the  best 
results.  Ground  oats,  middlings,  bran,  and  i^ease  may  also  be  used  to 
give  variety.  It  is  hardly  necessary  to  add  that  during  the  warm 
mouths  of  the  year  hogs  should  have  plenty  of  young  grass  or  clover. 

By  intelligently  applying  these  principles  in  the  xr reduction  of  the 
breeding  stock  a strain  of  animals  may  be  develoired  which  is  hardy, 
vigorous,  prolific,  and  much  more  capable  of  resisting  disease  than  is 
the  ordinary  inbred  and  corn-fed  stock  which  is  now  so  generally  used 
by  the  farmers  of  this  country. 


15 


This  bulletin  is  prepared  for  the  practical  use  of  the  farmer  j it  is 
intended  to  be  suggestive  rather  than  exhaustive  j it  contains  the  im- 
portant points  necessary  for  identifying  and  controlling  the  infectious 
diseases  of  swine.  If  its  teachings  are  intelligently  and  thoroughly 
followed  the  losses  from  these  diseases  may  be  greatly  reduced.  Expe- 
rience having  demonstrated  that  such  benehcial  results  are  possible, 
it  has  been  deemed  best  to  present  this  information  in  a condensed  and 
popular  form. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 
Washington,  D.  C.,  December  15,  1894. 

Sir:  I have  the  honor  to  transmit  liere with  for  publication  as  a Farmers’ Bulletin 
an  article  on  the  culture  and  uses  of  peanuts,  prepared  under  my  direction  by 
Mr,  K.  B.  Handy,  special  agent  assigned  to  this  Office,  Attention  has  recently  been 
drawn  to  this  crop  because  of  attempts  made  to  introduce  peanut  meal  as  an  article 
of  human  food.  It  has  also  been  urged  that  the  manufacture  of  peanut  oil  in  this 
country  might  be  greatly  extended.  Present  conditions  do  not,  however,  seem  to 
warrant  any  considerable  increase  in  the  acreage  of  the  crop.  With  this,  as  with 
other  crops,  the  effort  should  rather  be  made  to  increase  the  average  yield  per  acre 
by  more  careful  cultivation  and  a proper  rotation  of  crops.  More  attention  should 
also  be  given  to  the  utilization  of  the  nutritive  forage  which  the  peanut  jilant 
affords.  It  is  probable  that  in  many  localities  peanuts  might  be  profitably  intro- 
duced and  grown  on  a small  scale  as  part  of  a diversified  system  of  agriculture, 
with  special  reference  to  the  use  of  the  vines  as  food  for  farm  animals.  In  the 
present  bulletin  methods  of  culture  are  described  and  the  composition  of  the  ditfer- 
ent  products  is  given,  with  ex2)lanation8  of  the  nature  and  extent  of  their  use  for 
various  purposes. 

Respectfully,  A.  C.  True,  Director. 

Hon.  J.  Sterling  MoirroN, 

Secretanj  of  AgrienJtnre. 
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PEANUTS:  CULTURP  AND  USDS. 


DESCRIPTION  AND  HISTORY. 

The  peanut  {Arachis  liypogcm)^  known  also  in  different  localities  as 
the  earthniit,  groundnut,  ground  pea,  goober,  and  pindar,  is  a trailing, 
straggling  annual,  growiug  from  1 to  2 feet  high,  with  thick,  an^kilar, 
pale-green,  hairy  stems,  and  spreading  branches,  and  has  the  iieculiar 
habit  of  maturing  its  fruit  underground.  Strictly  speaking  it  is  not  a 
nut  at  all,  and  should  more  properly  be  called  the  ground  pea.  Its 
blossom  is  at  the  end  of  a long  pedicel-like  calyx  tube,  the  ovary  being 
at  the  base.  After  the  fall  of  the  flower  the  peduncle,  or  spike,’^ 
elongates  and  bends  downward,  pushing  several  inches  into  the  ground, 
where  the  ovary  at  its  extremity  begins  to  enlarge  and  develops  into  a 
pale  yellowish,  wrinkled,  slightly  curved  pod,  often  contracted  in  the 
middle,  containing  from  1 to  3 seeds.  Should  the  spike  ” by  accident 
not  be  enabled  to  thrust  its  point  in  the  ground  within  a few  hours 
after  the  fall  of  the  flower  it  withers  and  dies.  When  fully  grown  the 
pods  are  from  1 to  2 inches  long,  of  a dusky  yellowish  color,  with  a 
netted  surface. 

More  or  less  abundantly  scattered  over  the  roots  of  the  peanut  plant, 
as  well  as  those  of  other  members  of  the  same  family,  are  warts  of 
about  the  size  of  a pin  head,  or  larger  (see  Fig.  1,  p.  7).  These 
tubercles,  as  they  are  usually  called,  play  a very  important  part  in 
the  life  history  of  the  plant.  Within  them,  while  in  afresh  or  growing 
state,  may  be  seen,  by  the  aid  of  a good  microscope,  myriads  of  very 
minute  organisms.  These  bacteria-like  bodies  live  partly  on  the  sub- 
stance sui)plied  from  the  roots,  and  at  the  same  time  they  take  from  the 
air  and  elaborate  for  the  use  of  the  plant  considerable  quantities  of 
nitrogen.  Nitrogen  is  the  most  exi)ensive  element  that  must  be  sup- 
plied to  plants  in  fertilizers.  The  organisms  living  in  these  porous 
tubercles  take  it  abundantly  from  the  air,  of  Avhicli  it  comprises  about 
tive-sixths,  and  supply  it  to  the  plant  without  any  cost.  In  this  way 
a total  amount  of  nitrogen  is  olteii  ac(iuired  by  the  plant  far  in  excess 
of  the  amount  analyses  show  to  be  present  and  available  in  tlie  soil. 
For  this  reason  were  the  iieanut  cultivated  as  a green  crop  and  turned 
under  in  the  ground  (like  clover  and  cowpeas — species  of  the  same 
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family)  it  would  improve  the  soil  rather  than  exhaust  its  fertility,  as 
under  the  present  method  of  culture. 

Like  many  other  extensively  cultivated  plants,  the  peanut  has  not 
betui  found  in  a truly  wild  state,  and  hence  it  is  difficult  to  fix  upon  its 
habitat.  So  widely  has  it  been  cultivated  in  eastern  countries  that 
some  botanists  have  attempted  to  trace  its  spread  from  China  to  Japan, 
thence  through  the  East  India  Islands  to  India,  and  thence  to  Africa, 
where  in  the  seventeenth  centnry  it  was  so  extensively  cultivated  and 
had  become  such  an  important  article  of  native  food  that  the  slave 
dealers  loaded  their  vessels  with  it,  using  it  as  food  for  their  cargoes 
of  captives.  But  the  weight  oi  authority  seems  to  be  in  favor  of 
accepting  it  as  a native  of  Brazil,  thus  adding  the  peanut  to  the  four 
other  plants  of  commercial  importance  that  America  has  contributed 
to  the  agriculture  of  the  world,  namely,  cotton,  Indian  corn,  potato, 
and  tobacco.  Though  it  may  be  a native  of  the  Western  Oontinent,  it 
early  became  a largely  cultivated  plant  in  the  warmer  portions  of  the 
Old  World,  occupying  a distinct  place  in  the  agriculture  of  those  coun- 
tries long  before  its  merits  were  recognized  in  the  laud  of  its  origin. 

While  the  peanut  has  been  cultivated  in  the  United  States  to  a lim- 
ited extent  for  a number  of  years,  it  is  only  since  1806  that  the  crop 
has  become  of  primary  importance  in  the  eastern  section  of  this 
country,  which  seems  peculiarly  adaiited  to  its  production. 

Between  1865  and  1870  the  rapid  spread  of  the  culture  of  peanuts 
was  phenomenal,  due  probably  to  the  knowledge  of  them  acquired  by 
the  individual  members  of  the  various  armies  which  at  one  time  or 
another  occupied  the  eastern  section  of  Virginia.  Each  year  doubled 
and  at  times  increased  threefold  its  crop  over  that  of  the  preceding 
year,  so  that  this  country,  from  being  a large  importer  of  west  African 
lints,  was  soon  able  to  supply  the  domestic  demand  with  the  home-raised 
article. 

Virginia,  North  Carolina,  and  Tennessee  produce  a large  part  of  the 
peanut  crop  of  the  United  States.  This  is  due,  possibly,  to  the  fact 
that  their  soil  and  climate  are  admirably  adapted  to  the  successful  cul- 
tivation of  this  plant,  and  also,  no  doubt,  because  of  the  large  profits 
which  the  farmer  was  able  to  secure  from  the  culture  of  pean  uts  at  a time 
when  other  agricultural  industries  were  in  a very  depressed  condition. 
Within  the  last  few  years  this  crop  has  ceased  to  be  as  profitable  as 
heretofore.  The  method  of  culture — the  annual  planting  of  nuts  on  the 
same  land,  the  lack  of  proper  rotation  of  crops,  the  complete  removal 
of  all  vegetation  from  the  land,  and  the  failure  to  replenish  the  soil  by 
means  of  fertilizers — has  been  a great  factor  in  reducing  the  profits  of 
the  crop  by  reducing  the  ability  of  the  land  to  produce  such  crops  as 
were  previously  secured  in  that  section,  so  that  now  instead  of  an  aver- 
age of  50  bushels  per  acre,  with  frequent  yields  of  over  100  bushels, 
the  average  in  the' peanut  section  is  not  over  20  bushels,  while  the 
cost  of  cultivation  has  been  but  slightly  reduced. 
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COMPOSITION. 

The  composition  of  the  different  parts  of  Uie  peanut  plant,  from  the 
standpoint  both  of  food  and  fertilizing  value,  is  shown  in  the  follow- 
ing tables,  compiled  from  the  most  reliable  data  at  hand.  The  results 
in  the  case  of  -food  constituents  are  calculated  to  a uniform  water-free 
basis  in  order  to  admit  of  a fair  comparison.  It  must  be  kept  in  mind 
that  all  of  the  substances  in  their  original  condition  contained  varia 
ble  but  considerable  amounts  of  moisture,  and  if  allowance  is  made 
for  this  moisture  the  percentages  of  the  food  constituents  will  be  lower 
than  those  reported  in  the  tables.  The  first  column  shows  the  per- 
centages of  moisture  given  in  the  original  re])orts  of  analyses. 


Food  constituents  in  different  ports  of  the  peanut  plant. 


1 

] 

In  water-free  substam  e. 

kv 

\\  ater. 

1 

i Ash. 

i 

! Pro- 
1 tein. 

1 

i Fiber. 

1 

Nitro- 
gen- 
free  ex- 
1 tract. 

Fat. 

Nitrn- 

gen. 

Peanut  kernels; 

Ter  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

I'er  ct. 

Per  ct. 

Per  ct. 

Alabama  i)eannts 

10.88 

4.26 

35.  37 

2.66 

19.33 

55.  37 

5.  50 

Tennessee  crop,  1888 

3.87 

2.40 

28.  65 

2.  37 

17.  23 

49.  35 

4.58 

Tennessee  crop,  1880 

4.86 

2.51 

27.  07 

2.  52 

19.  30 

48.  (>0 

4.33 

Georgia  peanuts 

12.85 

2. 18 

30. 49 

2.  34 

21.  86 

43.  13 

4.88 

Spanish  peanuts  (grown  in  Georgia) 

13.15 

2.  72 

32. 18 

3.  50 

20.  43 

1 41  17 

5. 15 

Egyptian  peanuts 

2.  85 

22.  97 

1.61 

20.  27 

52.  30 

3.67 

Bombay  peanuts 

7.71 

3.32 

33.  73 

2.  33 

10.15 

50.  47 

5.40 

Congo  jieanuts 

5.  01 

2.73 

28.  33 

1.55 

14.-51 

.52.  88 

4.53 

Rufisque  peanuts  (West  African) 

4.  59 

2.53 

29.73 

1.24 

14.  02 

52.  48 

4.  76 

Japanese  peanuts  (Naukiii-mame) 

15.61 

1.93 

32.  66 

4.88 

5.99 

54.  54 

5.  23 

Japanese  peanuts  (Tojiu-mame) 

7.  50 

1.95 

26.  49 

4.  32 

12.  64 

54.  60 

4.24 

Average  of  all  available  analyses 

7.  85 

2.  77 

29.47 

4., 29 

14.27 

40,  20 

4.  67 

Peanut  vines  (with  leaves) : 

-rlapanese,  green 

77. 10 

7.  05 

16.  00 

20. 1 1 

50.01 

4.27 

2.56 

Spanish,  cut  before  blooming 

Georgia,  cut  before  blooming 

9.  96 

12.  69 

24.  75 

46.  30 

6.  30 

2.  03 

29.  78 

11.32 

12.  57 

19.  89 

.50.  38 

5.84 

2.01 

Average  of  last  tw'o 

31.20 

10.  64 

12.63 

22.32 

48.  34 

6.  07 

1- 

2.  02 

Spanish,  cut  when  fruit  was  ripe 

31.43 

11.24 

11.71 

28.46 

43.77 

4.  82  ' 

' 1.87 

Georgia,  cut  when  fruit  was  ripe 

32.  38 

12.  91 

9.  91 

36.  10 

35.86 

5.  22 

1.58 

Average 

12.  08 

10.  81 

32.28 

39.81 

5.  02 

1 1. 73 

Peanut  hay,  Tennessee  crop .• 

7.83 

17.04 

11.7^ 

22. 11 

46.  95 

1.84 

1.88 

Peanut  vines  (without  leaves),  Egyptian 

8.80 

6.  25 

1 32.95 

49.49 

2.  50 

1.00 

Peanut  leaves,  Egvptian 

10.  90 

10.00 

21.  51 

54.  09 

3.  50 

1.  60 

Peanut  roots,  Egyjitiaii 

6.  65 

8.  75 

1 23.  50 

59.  10 

2.  00 

1.  40 

Peanut  roots,  Spanish  (Georgia  crop)  

: 29.62 

9.  75 

8.78 

i 41.66 

35.  50 

4 31 

1.40 

Peanut  roots,  Georgia 

' 28.74 

9.58 

7.  63 

48  59 

31.00 

3 20 

1.22 

Peanut  hulls : 

Spanish  peanuts  (grown  in  Georgia) 

Georgia  peanuts 

19.20 

4.63 

7.19 

71.78 

14.  32 

2.  08 

1.  15 

20.62 

3.00 

4.  99 

79.30 

10.  59 

2.  12 

0.  80 

Tennessee  crop,  1888  

> 8.81 

2.  03 

6.42 

73.  07 

17.14 

1.34 

1.03 

Tenneesee  crop,  188P 

Coarse  ground  (German  analysis) 

: 7.81 

3.  63 

7.94 

65.81 

20.  45 

2.  17 

1.27 

10.50 

3. 13 

7.71 

69.  37 

16.  22 

3.5"  1 

1 22 

Fine  ground  (German  analysis) 

i 10.70 

3.  .58 

8.  18 

66.  64 

17.90 

3.70  ! 

1,31 

Egyptian  peanuts 

1 

3.  70 

8.  12 

45.  06 

39.31 

3.81 

1.30 

Average 

i 12.94 

3.39 

7.22J 

67.29 

19.  42 

2.  68 

1.  17 

Peanut  shucks  (inner  coating  of  kernel) 

i 10.80 

5.72 

25.  11 

To.  96  i 

26.  89 

21.52 

4.  00 

Peanut  meal  (average  of  2,785  analyses) 

1 10.74 

5.  48 

52.49 

5.93 

27.  26 

8.  84 

8.40 

Pertilizinfi  constliiienis  in  different  parts  of  the  pteanui  ptant. 


Ill  fresh  or  air-dry  substance. 


, 

Water. 

1 

Nitrogen. 

Phos-  1 
1 ])horic  I 
acid. 

Potash. 

! 

Lime. 

Total ash. 

1 

Peanut  kernels 

Peanut  vines  (cured) 

I'eanut  hulls 

I’eanut  cake  (meal) 

Percent. 

6.  30 

7.  83 
10.  GO 
10.40 

Per  cent. 
4.51 
1.76 
1.14 
7.5G 

Per  cent. 
1.24 
0.  29 
0. 17 
1.31 

Percent. 

1.27 

0.98 

0.95 

1.50 

Percent. 
0. 1.1 
2.  08 
0.81 
0. 16 

Percent. 
3.20 
15.70 
3.  00 
3.  97 

As  regards  food  value  these  tables  show  that  peanut  kernels  with  an 
average  of  29  i)er  cent  of  protein,  49  per  cent  of  fat,  and  14  per  cent  of 
carbohydrates  in  the  dry  material  take  a high  rank,  and  should  be 
classed  with  such  concentrated  foods  as  soja  beans,  cotton  seed,  etc. 
The  vines  are  shown  to  be  superior  to  timothy  hay  as  a feeding  stuff, 
and  but  slightly  inlerior  to  clover  hay.  The  food  value  of  the  hay  is  of 
course  higher  the  greater  the  percentage  of  nuts  left  on  the  vines  in 
harvesting.  The  hulls  also  appear  to  i)ossess  considerable  value  as  a 
feeding  stuff,  being  much  richer  in  valuable  food  constituents  (protein, 
fat,  and  carbohydrates)  than  cotton  hulls,  which  are  extensiv^ely  used 
in  some  localities  in  the  South  as  a coarse  fodder,  and  about  equal  to 
the  poorer  grades  of  hay.  The  ground  hulls  are  used  to  a considerable 
extent  as  a coarse  fodder  in  European  countries,  l^eanut  meal  (the 
ground  residue  from  oil  extraction)  is  a valuable  feeding  stuff,  highly 
appreciated  and  extensively  used  in  foreign  countries.  It  contains,  as 
the  averages  of  over  2,000  analyses  show,  about  52  per  cent  of  protein, 
8 per  cent  of  fat,  and  27  ])er  centof  (*arbohyd rates,  and  is  therefore  one 
of  the  most  concentrated  feeding  stuffs  with  which  we  are  familiar, 
ranking  with  cotton-seed  meal,  linseed  meal,  etc.,  and  in  some  cases 
ahead  of  them. 

As  regards  fertilizing  constituents,  the  tables  show  that  the  peanut? 
like  other  leguminous  i>lants,  is  rich  in  nitrogen  and  contains  consider- 
able amounts  of  phosphoric  acid  and  potash.  The  kernels  are  as  rich 
in  these  constituents  as  the  kernels  of  cotton  seed  and  the  vines  are 
nearly  as  valuable  as  a fertilizer  as  those  of  cowpeas. 

For  the  sake  of  completeness  the  fertilizing  constituents  of  hulls 
and  meal  or  cake  are  reported.  It  will  be  seen  that  the  former  are 
comparatively  jioor  while  the  latter  is  (piite  rich,  being  nearly  eiiual  to 
cotton- seed  meal  as  a fertilizer. 

. VARIETIES. 

The  Virginia  running  variety  of  the  peanut,  being  most  widely  known 
and  most  popular  with  the  trade,  may  be  taken  as  the  typical  American 
peanut.  Its  vines  are  large,  with  spreading  branches,  growing  hat  on 
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the  gTOiiiid  aiul  bearing  pods  over  almost  tlieir  entire  lengtli.  Tlie  pods 
are  large  and  white,  weighing  about  22  pounds  to  the  bushel. 

The  Virginia  bunch  variety  grows  erect  and  fruits  near  the  taproot, 
but  produces  pods  very  closely  resembling  those  above  described. 

There  are  two  varieties  in  Tennessee,  the  white  and  red,  the  white 
closely  resembling  the  Virginia  running  variety  and  the  red  producing 
somewhat  smaller  pods  with  kernels  having  a dark  red  skin.  This 
variety  matures  earlier  than  the  white,  yields  fewer  pops,  or  imperfect 
pods,  has  a less  spreading  habit,  and  on  account  of  this  difference  in 
growth  is  perhaps  somewhat  more  easily  cultivated* 


Fi.y.  1.— The  Peanut  plant  (Arachia  hypo'j(j^a)—\ ivg'nAx  rniining  variety. 


The  North  Carolina  (or  African)  variety  grown  in  the  Wilmington 
seiition  of  the  State  has  much  smaller  pods  than  those  .just  described, 
weighing  28  pounds  to  the  bushel,  the  kernels  containing  more  oil  than 
those  of  other  varieties. 

The  Spanish  variety  has  a relatively  small,  upright  vine,  forms  small 
l)ods  near  the  taproot,  and  can  be  planted  much  closer  together  than 
any  of  the  others,  thus  producing  a very  heavy  crop  to  the  acre. 

The  North  Louisiana  Station  found  the  Spanish  a desirable  variety, 
easily  harvested,  all  of  the  peas  adhering  to  the  vine.  It  reqnired  a 
much  shorter  period  to  mature,  and  planted  as  late  as  July  1 matured 
a full  crop  in  that  latitude  before  frost.  The  pods  tilled  out  well,  form- 
ing few  if  any  pops. 

The  Georgia  red  nut,  like  the  similar  variety  in  Tennessee,  has  medium- 
sized vines  growing  up  from  the  ground  and  fruiting  principally  near 
the  taproot,  with  three  or  four  kernels  to  the  pod. 

These  comi:)rise  all  the  varieties  cultivated  in  this  country,  but  in 
Costa  Kica  there  is  a variety  with  long  pods  without  division,  contain- 
ing four  or  five  seeds,  and  in  the  Argentine  Kepublic  a large-sized 
variety  with  a deep  orange-colored  shell.  In  the  Malay  Archipelago 
there  are  two  varieties,  called  the  white  and  brown,  resembling  prob- 
ably the  white  and  red  Tennessee  varieties,  except  as  to  size. 
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The  peaimt  of  India  and  Africa  resembles  the  North  Carolina  variety 
in  size,  and  is  raised  principally  for  the  oil  which  is  contained  in  its 
kernels. 

CLIMATE  SUITABLE  FOR  PEANUT  CULTURE. 

While  the  peanut  requires  a climate  in  which  there  is  a season  of  five 
months  free  from  frost,  it  is  not  necessary  that  this  should  be  a period 
of  extreme  heat,  as  the  seeds  form  during  cool  weather  in  the  latter 
part  of  summer  and  early  autumn.  (This  fact  has  been  developed  by 
experiments  with  the  crop  during  the  past  twenty-five  or  thirty  years.) 
It  was  formerly  supposed  that  being  a native  of  iiitertropical  countries 
and  flourishing  most  luxuriantly  in  the  warm,  moist  atmosphere  of 
Brazil,  India,  and  Africa,  it  would  be  impossible  to  successfully  culti- 
vate the  peanut  in  the  United  States.  Contrary  to  this  view  the 
attempt  to  cultivate  it  in  North  and  South  Carolina  was  successful, 
and  step  by  step  it  extended  northward  until  the  fortieth  parallel  of 
latitude  had  been  reached. 

It  is  probable  that  on  suitable  soil  the  peanut  will  grow  in  any 
latitude  where  Indian  corn  will  thrive,  but  whether  it  will  be  a profita- 
ble crop  depends  upon  other  considerations  than  its  ability  to  withstand 
the  climate.  The  most  favorable  weather  for  the  peanut  is  an  early 
spring,  followed  by  a warm  summer  of  even  temperature,  with  moderate 
moisture  and  free  from  drought,  and  an  autumn,  or  harvesting  tune, 
with  very  little  precipitation,  as  rain  injures  the  newly  gathered  vines 
and  nuts.  These  climatic  conditions  are  to  be  found  on  the  Atlantic 
Seaboard  from  New  Jersey  southward,  in  the  Mississiiipi  Valley  as  far 
north  as  southern  Wisconsin,  and  on  the  Pacific  Coast  south  of  the 
Columbia  Kiver.  Again,  it  is  probable  that  the  quality  of  the  nut 
depends  upon  climatic  conditions,  as  it  is  true  that  the  nuts  grown  in 
tropical  countries  contain  much  more  oil  than  those  of  the  same  variety 
grown  in  temperate  latitudes,  so  that  the  proposition  has  been  laid 
down  that  the  oil  content  of  the  nut  is  in  inverse  proportion  to  the  dis- 
tance from  tbe  equator.  The  nuts  most  in  demand  by  the  American 
trade  are  those  raised  between  the  parallels  of  30°  and  37Jo  north  lati- 
tude, as  they  contain  the  least  oil,  therefore  being  better  for  use  as 
human  food. 

SOIL  SUITABLE  FOR  PEANUT  CIT^TURE. 

A sandy  loam,  neither  too  dry  nor  too  sandy,  yet  light  and  porous, 
produces  the  most  marketable  peanuts,Q)ecause  it  is  nearer  the  natural 
color  of  the  peanut  shelly  and  the  trade  for  which  American  peanuts 
are  raised  demands  a lignt-colored  shell,  but  equally  sound  and  well- 
flavored  nuts  may  be  produced  on  other  soils.  In  fact,  almost  any  soil 
that  can  be  put  in  a friable  condition  and  kept  so  will  produce  pea- 
nuts, provided  it  contains  a sufficient  quantity  of  lime. 
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As  cultivation  of  tlie  crop  extends,  and  more  land  is  needed,  much 
of  this  crop  Avill  be  planted  in  clayey  soil,  and  the  result  will  be  heavier 
peanuts.  Indeed,  more  pounds  ])er  acre  may  be  grown  upon  stiff  land 
than  upon  light  soil,  the  chief  objection  to  dark  and  tenacious  vsoils 
being  that  they  stain  the  pods. 

Clayey  soil  is  somewhat  colder  and  more  inert,  and  the  i)lanting  on 
such  soil  would  therefore  be  somewhat  delayed  in  the  spring.  In  more 
northern  latitudes,  where  the  season  is  short,  this  might  cause  the 
crop  to  be  cut  off  by  frost  before  maturity.  There  is  an  abundance  of 
good  peanut  land  all  along  the  Atlantic  Seaboard  from  New  Jersey  to 
Florida,  and  also  in  the  Mississippi  Valley,  not  yet  used  for  the  crop. 

MANURING. 

It  is  not  necessary  that  the  soil  on  which  peanuts  are  to  be  grown 
should  be  naturally  calcareous,  but  if  it  is  not  it  must  be  limed,  the 
lime  being  necessary  both  for  the  proper  fruiting  of  the  plant  and  for 
its  mechanical  effect  upon  the  soil.  Much  of  the  Virginia  and  North 
Carolina  land  has  in  times  past  been  heavily  marled,  and  there  are 
parts  of  Tennessee  and  other  States  where  there  is  already  sufficient 
lime  in  the  soil  for  the  peanut  jilant. 

Besides  this  addition  of  lime  on  soils  where  it  is  not  naturally  found, 
the  peanut  needs  a dressing  of  jiotash  and  phosphoric  acid.  The 
potash  is  best  supplied  in  the  form  of  kainit,  the  phosphoric  acid  by 
fine-ground  idiosphatic  sing.  If  the  soil  is  heavy,  instead  of  the  slag 
a dressing  of  superphosphate  may  be  used. 

The  lime  and  other  dressing  would  be  more  effective  if  plowed  under 
early  in  the  season,  but  they  may  be  spread  down  the  furrow  in  which 
the  seed  is  planted  or  applied  as  a top-dressing  after  planting.  Any 
kind  of  lime  may  be  used,  provided  it  is  finely  comminuted  by  burning 
before  application.  Thoroughly  burnt  oyster  shells,  which  are  very 
accessible  to  farmers  living  along  the  Eastern  Seaboard,  common  lime- 
stone, or  marl  will  answer  the  purpose  of  the  planter. 

The  quantity  of  lime  or  marl  to  use  at  one  application  depends  very 
much  on  the  nature  of  the  soil  and  the  amount  of  vegetable  matter  it 
contains.  Generally  30  bushels  of  lime  or  from  100  to  150  bushels  of 
marl  are  safe  applications,  but  if  the  soil  is  quite  thin  and  contains 
but  little  vegetable  mold,  more  than  this  at  one  time  would  be  attended 
with  risk.  A safer  plan  is  to  make  several  small  annual  applications 
of  lime  and  also  of  vegetable  matter  (manure,  compost,  wood’s  earth, 
etc.),  continuing  this  until  a sufficient  amount  of  lime  has  been  applied. 
Land  will  bear  large  quantities  of  marl  with  perfect  safety  if  kept  well 
stocked  with  some  vegetable  matter  to  subdue  its  caustic  efiects.  But 
most  of  the  best  peanut  soil  is  deficient  in  humus,  and  tlie  planter 
should  begin  cautiously,  using  small  quantities  of  lime  until  he  has 
supplied  the  other  deficiency. 


to 


The  amounts  of  fertiliziriii'  eoiistitueuts  required  by  .a  crop  of  00 
busliels  of  peanuts  is  shown  in  tlie  following'  table,  calculated  from 
data  rejiorted  by  the  Tennessee  Experiment  Station: 

Feriilizhifi  covstihicnt.s  required  hij  a crop  of  GO  bushels  of  peanuts. 


Pounds  per  aoi-e. 


* .1  Xitro- 
1 geii. 

Phos- 

phoric 

acid. 

Potash. 

Lime 

Peainits  witli  hulls  (6()  husliels  «u  1,380  iioiiuds  ])er  aoro) 

Peanut  ha^  (2.0UU  })ouiuls  pet  acre) 

i 44.22 

40. 49 

9.  08 
5.72 

12.  73 
19.  57 

4.0(5 

41.04 

lotal  cro])  (3.380  itouuds  ]ier  tiere) 

' 84.71 

14.80 

32.  30 

46.  30 

It  does  not  follow  that  these  tigures  show  the  exact  proportion  of 
nitrogen,  phosphoric  acid,  and  potash,  which  a fertilizer  for  i)eanuts 
should  contain.  They  are  useful  only  as  guides  in  calculating  formulas 
for  a fertilizer  for  this  crop,  and  must  not  be  followed  too  closely. 

In  the  formulas  given  below  the  amounts  of  phosiihoric  acid  and 
liotash  corres])ond  aiiproximately  with  those  given  in  the  last  table, 
but  nitrogen  is  reduced  to  one  fourth  for  the  reason  that  the  application 
of  nitrogenous  manures  to  leguminous  plants  does  not  make  any  appre- 
cialile  return  for  the  outlay,  since  the}'  are  able  to  obtain  a large  part 
of  their  nitrogen  from  the  atmosphere.  Each  of  the  mixtures  contains 
about  21  x^ounds  of  nitrogen,  15  xxmnds  of  xdiosxihoric  acid,  and  32 
liounds  of  potash  in  available  forms,  and  will  be  sufficient  for  one  acre. 


FertUizcr  mixtures  for  peanuts. 

FORMULA  I.  FORMULA  111. 


Cotton-sped  meal 

Cotton-Lull  ashes 

. 130  pounds. 

' llarnyard  manure 

Cotton-seed  meal 

Kainit 

1 Acid  pliospliate 

1 

2 tons. 

. 150  pounds. 

. too  pounds. 
50  pounds. 

FORMULA  II 

! FORMULA  IV. 

Acid  phos]iLaie 

Cotton-seed  meal 

Kainit 

80  pounds. 

. 240  ])onnds. 

Acid  ])hospliate 

Dried  blood 

j Muriate  of  jiotasli 

100  xionnds, 

. 185  ])onnds. 
G5  pounds. 

When  x^bosphatic  slag,  which  generally  ax^x^oars  in  the  American 
market  under  the  name  of  Odorless  P-hosxdiate,  can  be  obtained  it  may 
be  substituted  with  advantage  for  acid  x)hosxdiate  at  the  rate  of  120 
Xiounds  in  Formula  II,  75  x^ounds  in  Formula  III,  and  150  x^ounds  in 
Formula  lY. 

Few  of  the  xieanut  xhanters  x^ny  sufficient  attention  to  the  rotation  of 
their  crox)s,  but  year  after  year  x>hiiit  xieanuts  in  the  same  land,  or  at 
best  change  from  x^eanuts  to  corn  and  then  to  x^eanuts  again,  with  the 
result  that  the  land  raxiidly  deteriorates.  Not  only  does  the  crox^  of 
nuts  become  smaller  and  smaller,  but  the  vines,  after  a year  or  two  of 
this  treatment,  lose  their  leaves  before  maturity,  and  thus  the  hay  or 
forage  x)art  of  the  crop  is  x^ractically  lost. 
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Wlien  the  land  is  kept  in  a good  physical  condition  by  the  nse  of 
lime  and  proper  culture,  and  a systematic  rotation  of  crops  is  followed, 
it  will  not  only  retain  its  fertility  and  produce  good  croi)S  for  many 
years,  but  it  will  constantly  increase  its  ability  to  produce  peanuts  in 
paying  quantities.  A good  rotation  is  soja  beans  or  cowpeas,  to  be 
followed  the  succeeding  year  by  peanuts,  and  the  next  year  by  sweet 
potatoes;  or  the  following  one,  that  will  keep  the  land  well  covered 
and  is  perhaps  more  convenient  for  the  average  peanut  planter,-  is 
recommended:  Peanuts  followed  in  the  fall  by  winter  rye  or  oats  and 
the  next  summer  the  land  sown  to  crimson  clover,  to  be  followed  the 
succeeding  year  by  peanuts  again,  so  that  every  other  year  peanuts  will 
be  the  crop.  The  advantage  of  this  would  be  an  increased  forage 
(*rop  for  the  farmer — a much-needed  addition  in  the  peanut-raising 
sections  of  the  United  States — the  covering  of  the  land  during  nearly 
the  whole  year  with  a growing  crop  and  the  rotation  of  a cereal  with  a 
leguminous  crop.  Even  in  this  system  of  rotation  fertilizers  should 
be  used,  until  the  soil  is  brought  into  good  condition  and  no  longer 
res])onds  prohtably  to  fertilizers. 

It  should  be  clearly  understood  that  constant  cropping  without  the 
use  of  proper  rotations  or  manures  must  eventually  impoverish  both 
the  soil  and  the  planter. 

OULTTTRE. 


Preparation  of  the  land. — There  is  no  mystery  connected  with  the 
culture  of  the  i)eanut  crop  or  any  s])ecial  seci’et  knowledge  as  to  the 
preparation  of  the  land.  Any  modes  of  preparation  that  will  reduce 
the  soil  to  a finely  i)ulverized  seed  bed,  light  and  friable  to  the  depth 
of  1 or  o inches,  will  be  safe  to  adopt.  Peanuts  being  planted  usually 
alter  corn,  it  is  necessary  to  remove  from  the  soil  the  butts  of  the  corn- 
stalks, together  with  all  other  roots,  clods,  etc.  The  ordinary  course 
followed  by  succmssful  planters  in  various  sections  where  ])eanuts  are 
a ])rominent  croj),  is  to  break  up  the  land  with  ordinary  turn  plow  as 
soon  in  the  si)ring  as  the  soil  is  in  condition  to  be  worked,  and  then 
use  a harrow  and  roller  or  smoothing  board  in  such  a Avay  as  to  leave 
a level  surface  and  seed  bed,  such  as  is  above  des(*ribed,  all  roots, 
stumps,  stones,  and  clods  having  been  carefull}^  removed. 

*S'm7  selection. — While  there  is  among  all  planters  a certain  amount 
of  selection  of  seeds  for  ])lanting,  more  or  less  carefully  done,  accord- 
ing to  the  skill  of  the  farmer  and  to  the  nature  of  the  crop  which  he  is 
about  to  plant,  and  in  some  cases  extending  to  an  elaborate  and  long- 
continued  selection  from  the  most  prolific  plants,  yet  in  the  case  of 
peanuts,  where  good  seed  is  of  paramount  importance,  there  seems  to 
be  but  little  more  than  ordinary  care  taken  in  the  selection  of  seed — 
not  more  than  in  the  saving  of  that  portion  of  the  crop  which  is  to  be 
sold  on  the  market. 
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The  seed  should  not  only  be  carefully  selected  at  the  time  of  plautiug^ 
carefully  prepared  so  as  not  to  break  the  skin  of  the  kernel,  and  all 
immature,  shriveled,  or  musty  seeds  rejected,  but  especial  care  should 
be  exercised  at  the  harvesting  of  the  previous  crop  so  that  the  seed  may 
be  of  as  great  vitality  as  possible.  The  slightest  frost  upon  the  peanut 
vines  either  before  digging  or  after  they  have  been  dug  and  before  they 
become  thoroughly  dried  will  affect,  to  a greater  or  less  degree,  the 
vitality  of  the  kernel.  Overheating  or  mustiness  is  also  detrimental  to 
the  kernel  as  a seed;  consequently  the  seeds  should  be  selected  in  the 
field  before  digging.  They  should  be  allowed  to  sun  longer  than  peas 
intended  for  sale  that  they  maybe  drier,  and  even  should  the  pods  lose 
color  it  does  not  matter,  as  the  kernels  will  not  be  effected.  They  should 
be  so  stacked  as  to  be  kept  very  dry,  and  should  be  picked  and  allowed 
to  dry  thoroughly  before  being  i^acked  away  for  the  winter.  The  best 
l)lan  is  to  put  them  in  bags  in  a cool,  dry  loft  where  they  will  neither 
heat  nor  collect  moisture.  Not  more  than  two  bushels  should  be  placed 
in  one  sack,  and  great  care  should  be  taken  to  have  the  air  circulate 
freely  among  them. 

As  it  requires  2 bushels  of  nuts  in  the  pod  to  give  seed  enough  for 
ail  acre,  and  some  farmers  plant  from  50  to  100  and  even  more  acres, 
it  is  necessary  to  begin  to  shell  the  seed  (nuts)  several  weeks  before 
the  time  of  planting.  This  requires  some  skill  and  care,  both  in  open- 
ing the  pod  to  avoid  the  breaking  of  the  skin  of  the  kernel  and  in 
selecting  the  sound  and  rejecting  the  imperfect  kernels  as  they  are 
shelled;  and  the  seed  thus  shelled  must  be  kept  in  a dry,  cool,  airy 
place  until  the  time  of  planting. 

rianting. — The  time  of  planting  depends  upon  the  latitude,  the  dis- 
tance from  the  sea,  and  the  elevation  of  the  section  in  which  the  seed 
is  to  be  planted.  In -Virginia  from  May  1 to  20  is  probably  the  time 
during  which  the  larger  part  of  the  crop  is  planted,  danger  of  killing 
frosts  being  past  by  that  time,  although  some  farmers  plant  the  last 
week  of  April  and  others  not  until  early  in  June.  In  more  southern, 
latitudes  planting  takes  place  in  April,  and  farther  north  not  before 
June.  In  no  section  should  the  seed  be  planted  until  all  danger  of  the 
young  plants  being  injured  by  a late  frost  is  over. 

As  soon  as  the  farmer  has  satisfied  himself  that  the  propitious 
time  for  planting  has  arrived,  his  land  being  in  fine  condition  and  his 
seed  already  prejiared  for  planting,  the  question  for  him  to  decide  is  the 
distance  between  the  hills  Avhich  is  best  suited  to  the  strength  and 
fertility  of  his  soil  and  to  the  variety  of  peanuts  he  intends  to  plant. 
As  a part  of  this  question  he  has  to  determine  whether  he  will  plant 
his  seed  in  checks  or  in  drills,  both  of  Avhich  methods  are  in  use  in 
nearly  every  section  where  the  peanut  is  grown.  The  advantages  of 
one  method  over  the  other  will  depend  upon  the  freedom  of  the  soil 
from  weed  seed  and  upo!i  tlie  cost  of  labor.  In  checks,  the  cost  of 
planting  is  iirobably  greater  than  in  drills,  but  if  the  ground  is  somewhat 
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full  of  weed  seeds  the  cost  of  cultivation  in  checks  would  probably  be 
less  than  in  drills,  because  of  the  ability  of  the  horse  implements  to 
more  successfully  keep  down  the  weeds,  as  the  field  can  be  worked  in 
both  directions  very  close  to  the  young  plants,  leaving  but  little  for  the 
hoe  to  do. 

The  distance  between  the  drills  or  hills  is,  as  above  stated,  dependent 
upon  the  variety  to  be  planted  and  the  fertility  of  the  soil.  In  very 
fertile  soil  and  with  the  running  Virginia  nut  from  3 to  3^  feet  square 
each  way  is  the  required  distance  between  tlie  hills,  with  2 kernels  to  the 
hill;  while  with  other  varieties  or  on  less  fertile  land  the  distance 
between  the  hills  can  be  reduced,  until  on  poor  land  with  the  Spanish 
nut  the  distance  will  be  determined  by  convenience  in  using  horse 
implements  between  the  rows. 

In  drills,  the  causes  stated  above  would  affect  the  choice  of  distance, 
that  most  frequently  chosen  by  the  xdanter  being  3 feet  between  the 
drills  and  14  inches  between  the  hills  down  the  drill,  2 seeds  to  the  hill. 

In  checking  the  land  for  peas  a simple  and  inexpensive  marker  is 
in  common  use  for  the  fi’  st  marking  out  of  the  field.  This  consists  of 
a x)iece  of  scantling  4 by  4 inches  and  0 or  more  feet  long,  through 
which  are  inserted,  at  distances  equal  to  the  required  distance  between 
the  hills,  wooden  pegs  2 by  3 inches  and  18  inches  long,  shod  at  the 
ends  with  iron.  To  tlie  main  bar  are  attached  a pair  of  shafts  and 
handles  to  be  used  in  drawing  and  guiding  the  implement.  The  cross 
marking  is  usually  performed  with  a small  turn  jilow,  the  drox^x^^i’^  fol- 
lowing it  x)utting  2 seeds  to  the  hill,  covering  them  over  with  the  hoe, 
or  probably  more  commonly  the  foot,  to  the  depth  of  14  or  2 inches, 
although  some  cover  the  seed  with  a small  xdow. 

There  is  in  use  among  peanut  farmers  a planter  xilanned  somewhat 
after  the  manner  of  a cotton- seed  xilanter.  It  is  drawn  by  one  horse,  and 
is  fitted  with  a “ shoe,”  at  the  base  of  which  the  kernels  are  droxqied  at 
distances  from  8 to  20  inches  apart,  according  as  the  machine  is  geared, 
and  are  covered  by  a concave  wheel,  which,  iiassing  over  the  furrow, 
presses  the  soil  firmly  down  iqion  the  seed. 

Tillage. — The  object  of  all  x^lant  cultivation  is  to  keep  the  soil  in 
proper  condition  for  the  growth  of  the  plant.  An  inq:>ortant  means 
to  that  end  is  the  destruction  of  all  weeds.  Many  crops  are  injured 
by  the  lack  of  cultivation,  more  by  improj:>er  cultivation,  and  some 
undoubtedly  by  too  frequent  cultivation.  The  maxim  that  “ the  best  cul- 
tivation is  that  given  before  a croj)  is  iilanted,  and  the  next  best  the  one 
that  is  not  given  it”  at  the  latter  jiart  of  its  growth,  is  perhaps  as  true  of 
peanuts  as  of  any  other  crop.  If  the  farmer  has  prepared  his  land, 
having  it  porous,  pulverized,  and  free  from  all  weed  seeds,  there  will 
be  need  of  very  little  cultivation.  It  is  not  so  much  a matter  of  how 
many  times  the  crop  has  been  worked  as  in  what  condition  the  crop 
is  at  any  given  time  that  should  determine  the  farmer  in  his  nianage- 
nientof  it. 
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The  iruplemeiits  of  cultivation  are  the  plow,  harrow  or  cultivator, 
and  hoe,  all  of  which  are  used  by  some  farmers,  others  dispensing  with 
one  or  two  of  them.  Where  the  peanuts  are  planted  in  checks,  the 
larger  part  of  the  cultivation  is  done  with  the  harrow  or  cultivator,  while 
some  cultivate  peanuts,  even  when  in  drills,  solely  with  the  aid  of  the 
turn  X)low.  Hoe  Avork  being  very  expensive,  the  farmer  should  strive 
to  have  his  land  in  such  condition  as  not  to  require  much  of  it,  and  to 
so  cultivate  his  crop  in  its  early  stages  as  to  prevent  the  growth  of 
grass,  necessitating  the  use  of  the  hoe. 

One  method  of  Aveed  destruction,  as  practiced  by  a large  number  of 
peanut'planters  is,  just  before  the  x)lants  are  coining  through  the  ground, 
say  two  Aveeks  after  they  have  been  planted,  to  go  over  the  field  Avith 
a small  turn  x>low,  throwing  the  soil  from  both  sides  over  the  drill 
or  hill,  or  Avhere  the  seed  Avas  first  covered  with  a ploAv,  throwing  the 
second  furroAv  over  them,  and  then  blocking  otf these  ridges  Avith 
light  wooden  scrapers  or  blocks,”  thus  destroying  the  first  weed  crox) 
AAUth  very  little  or  no  injury  to  the  xieaimt  plants.  Another  method  is  to 
bar  off  the  soil  from  the  \dnes,  throAving  it  into  the  balk,  and  then  a few 
days  afterAvards  to  send  the  harrow  and  hoes  through  the  field,  leveling 
the  ridge  in  the  balk  and  scraping  oft  the  narroAv  ridge  between  the 
Xdants,  as  in  cotton  ciilture.  After  this  use  a double  shovel  every  ten 
days  or  two  Aveeks  until  the  field  has  been  gone  over  five  ur  six  times. 
For  the  first  tAA  o or  three  plowings  the  shcvels  may  be  run  deex),  and 
after  that  very  shallow,  each  working  being  a little  farther  from  the 
Xdant  than  the  x^receding  one,  to  avoid  disturbing  runners.  The  pods 
are  laid  by  the  middle  of  July  or  the  first  of  August,  and  the  cultiva- 
tion is  finished  by  the  latter  date.  After  the  x)eas  begin  to  sxnead  it  is 
difficult  to  clean  them,  and  therefore  they  should  be  thoroughly  cleaned 
while  they  are  young. 

Two  methods  of  x^eanut  culture  in  vogue  may  be  distinguished  as  the 
‘‘  level”  and  the  ridge”  methods.  In  level  cultivation  the  turn  x>lo'v 
has  no  x^lace,  but  the  AAmrk  is  done  almost  entirely  Avith  the  cultivator, 
the  field  when  laid  by  ])resenting  a fiat  axipeai  ance  much  resembling  a 
clover  field.  In  the  ridge  method  the  soil  is,  by  use  of  either  the  cul- 
tivator or  the  turn  x^Ioav,  gradually  Avorked  from  the  balk  to  the  vine, 
so  that  after  the  last  Avorking  the  x^eanut  field  very  much  resembles  a 
SAveet  x^otato  xiatch.  Which  of  these  cavo  methods  is  of  greater  merit 
is  xierhaxAS  not  definitely  decided,  or  indeed  Avhich  may  be  more  advan- 
tageous ux)on  certain  soils  and  Avith  certain  varieties,  although  the 
level  cultivated  field  Avill  x^i’obably  stand  drought  better  than  the 
ridged. 

The  Nebraska  Exxierinient  Station  made  an  exiieriment  on  this 
subject.  Eleven  rows  were  drilled  3 feet  ax^art  and  seeded  10  inches 
axiart  down  the  row.  Every  other  roAv  was  ridged  and  the  bloom  Avas 
covered,  Avhile  the  alternate  rows  Avere  left  leA^el.  The  5 ridged  roAvs 
yielded  at  the  rate  of  2,044  ])ounds  to  the  acre,  the  5 level  roAvs  at  the 
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rate  of  5,368  pounds  to  the  acre.  This  would  seem  to  indicate  level 
culture  as  best  for  the  peanut,  and  certainly  demonstrates  that  there 
is  no  need  of  following*  the  old  i)ractice  of  covering  the  bloom  of  tlie 
plant.  The  eleventh  row  was  planted  with  unshelled  seed,  ridged,  the 
bloom  covered,  and  yielded  at  the  rate  of  1,870  pounds. 

HARVESTING. 

The  nuts  should  be  out  of  the  ground  before  the  first  frost,  as  it  is 
injurious  both  to  the  vines,  when  regarded  as  fodder,  and  to  the  kernels. 
It  may  be  necessary  to  dig  the  crop  some  time  before  frost  is  feared, 
because  early  formed  nuts  when  frost  is  long  delayed  begin  to  sprout, 
and  the  loss  to  the  farmer  from  that  cause  would  be  greater  than  the 
gain  from  the  maturing  of  the  later  nuts.  Besides,  if  peanuts  have  been 
cultivated  in  the  same  land  for  several  years  the  vines  often  will  drop 
their  leaves  and  are  thus  greatly  injured  for  use  as  hay. 

Peanut  farmers  have  a plow  made  especially  for  harvesting  this  crop, 
which  has  no  moldboard  and  has  a bar  3 feet  long  and  an  upright  the 
same  as  the  other  ])lows.  The  foot  piece  is  welded  12  inches  from  the 
rear  end  and  extends  up  5 inches,  with  a small  hole  through  it,  to  which 
is  fastened  the  hind  helve  of  the  plow.  The  beam  is  as  usual,  with 
handles  fastened  to  either  side  of  it.  There  is  a duck  bill  on  the  flat 
end  of  the  bar  and  a sword  4 inches  wide  and  16  inches  long  welded 
to  the  bar  5 inches  behind  the  duck  bill  and  extending  out  to  the  right 
side  diagonally  and  backward,  so  as  to  run  under  aud  cut  the  tatiroot 
of  the  vine. 

This  plow,  with  two  horses  attached,  is  passed  up  each  side  of  the  row 
deep  enough  to  escape  the  peas,  the  long  wing  cutting  the  taproots, 
rendering  them  easy  to  remove  from  the  soil.  Following  this  plow 
laborers  with  pitchforks  remove  the  plants  from  the  ground,  carefully 
shaking  off  all  loose  soil,  aud  piling  then  in  windrows  three  rows  in 
one.  They  are  usually  plowed  in  the  morning,  and  then  in  the  after 
noon  are  stacked  or  shocked  around  poles  7 feet  high,  set  in  the  ground 
at  convenient  places  in  the  held.  In  shocking,  care  is  taken  to  keep  the 
vines  from  the  ground,  the  usual  practice  being  to  lay  a couple  offence 
logs  on  each  side  of  the  ('enter  ])ole,  and  the  plants  are  so  arranged 
around  the  pole  as  to  have  the  ])ods  inside,  and  also  to  leave  some  spac^e 
next  to  the  pole  for  the  circulation  of  air.  The  shocks  are  usually 
capi)ed  with  com  fodder  or  hay  to  keep  out  the  rain. 

After  being  thus  stacked  from  hfteen  to  twenty  days  the  pods  are 
ready  to  be  picked.  This  operation  is  usually  ])erformed  by  women 
and  children,  who  are  paid  so  much  iier  bushel,  and  are  expected  to 
pick  only  the  mature  and  sound  pods.  It  is  slow  and  tedious  work, 
aud  one  of  the  largest  items  of  ex])ense  to  the  ])eanut  farmer.  Some 
farmers  leave  their  nuts  unjiicked  until  s[)ring,  but  this  subjects  theih 
to  the  depredations  of  birds  and  animals,  mauy  of  which  r(*adily  eat 
either  the  nuts  or  the  vines. 
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111  tbe  Wilmington  section  there  is  some  variation  from  the  above  in 
the  method  of  harvesting  the  crop.  The  vines  after  being  allowed  to 
remain  in  the  ground  two  days  after  plowing  are  then  pulled  out  and 
shaken  free  from  soil  and  stacked  around  poles  12  to  14  feet  high,  where 
they  are  allowed  to  remain  about  a week  or  ten  days  and  are  then 
removed  to  large  barns  and  stored  away  like  clover  hay  until  it  is  con- 
venient for  the  planter  to  have  his  nuts  picked.  This  peanut  being 
much  smaller  than  the  Virginia  or  Tennessee  nut  and  also  more  com- 
pletely filling  the  shell,  is  not  so  easily  injured  as  the  larger  varieties, 
and  thus  can  be  picked  by  machinery  of  the  general  nature  of  a thrash- 
ing machine.  Some  dealers  object  to  machine-picked  nuts,  but  the  expe- 
rience of  those  who  follow  that  practice  in  harvesting  their  crops  shows 
but  little  if  any  difierence  in  the  x>rice  of  hand  or  machine  detached 
pods  of  the  North  Carolina  variety,  and  what  difierence  there  may  be  in 
price  is  ofi'set  by  the  saving  in  cost  and  the  rapidity  with  which  they 
can  be  put  upon  the  market  at  any  desired  time.  Besides,  it  is  claimed 
that  the  hay,  after  passing  through  the  picker  or  thrashing  machine,  is 
in  better  condition  for  fodder  than  the  hay  from  the  hand-gathered 
peanuts. 

After  the  iieaniits  are  picked  they  should  be  cleaned  before  being 
sacked.  The  necessity  of  cleaning  is  of  course  not  so  great  as  it  was 
prior  to  the  establishment  of  recleaners  or  factories,  but  still  the  clean- 
ing of  the  nut  would  not  only  leave  a large  number  of  pops  and  saps 
on  the  farm  for  the  feeding  of  stock,  but  would  doubtless  cause  the 
nuts  to  bring  a price  sufficient  to  justify  the  expense  of  cleaning.  The 
sacks  used  for  x^jeanuts  are  either  60  or  72  inches  long,  and  wide  enough 
to  hold  4 bushels,  or  100  x^ounds.  Even  should  the  farmer  not  intend 
to  sell  his  nuts  at  once,  he  should  at  least  sack  them,  as  an  attempt  to 
keex)  them  in  bulk  might  cause  them  to  heat.  In  filling  the  sacks  care 
must  be  taken  to  fill  each  corner,  and  the  entire  sack  should  be  well 
distended,  yet  not  tight  enough  to  crush  the  shells.  Put  away  in  a dry, 
airy  x)hice,  peanuts  will  keex)  in  these  sacks  several  years,  should  it 
be  necessary  so  to  do. 

Yield. — According  to  the  Eleventh  Census  (Bulletin  No.  378,  xn  0), 
the  average  yield  of  x)eanuts  in  the  ITiiited  States  in  1889  was  17.6 
bushels  x^er  acre,  the  average  in  Virginia  being  about  20  and  in  Ten- 
nessee 32  bushels  x^er  acre.  This  aiipears  to  be  a very  low  average, 
es])ecially  as  official  and  semiofficial  figures  give  50  or  60  bushels  as  an 
average  crox>,  and  100  bushels  is  not  an  uncommon  yield.  Fair  peanut 
land  x^rox^erly  manured  and  treated  to  intelligent  rotation  of  crops 
should  xwoduce  in  an  ordinary  season  a yield  of  50  bushels  to  the  acre 
and  from  1 to  2 tons  of  excellent  hay.  Of  course  better  land  with  more 
liberal  treatment  and  a favorable  season  will  x^roduce  heavier  crops,  the 
reverse  being  true  of  lands  which  have  been  frecpiently  planted  with 
peanuts  without  either  manuring  or  rotation  of  crops.  Besides  the 
amount  of  peas  gathered  there  are  always  large  quantities  left  in  the 
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ground  which  have  escaped  the  gathering,  and  on  these  the  planter 
turns  his  herd  of  hogs,  so  that  there  is  no  waste  of  any  part  of  tlie  plant. 

The  yearly  production  of  peanuts  in  this  country  is  about  4,000,000 
bushels  of  22  pounds,  Virginia,  Georgia,  Tennessee,  and  North  Car- 
olina being,  according  to  the  Eleventh  Census,  the  largest  producers 
in  the  order  named.  These  4,000,000  bushels,  while  fully  supplying  the 
present  demand  in  the  United  States,  constitute  but  a small  portion 
of  the  peanut  crop  of  the  world,  as  the  exportation  from  Africa  and 
India  to  Europe  in  1892  amounted  to  nearly  400,000,000  pounds,  Mar- 
seilles taking  222,000,000  imunds,  most  of  which  were  converted  into 
oil.  The  peanut  croi3  of  the  world  may  be  safely  estimated  as  at  least 
000,000,000  pounds. 

Preparatio7i  fo7'  marlcet. — Since  the  establishment  of  peanut  factories, 
or  “ recleaners,”  in  nearly  every  community  in  which  much  attention  is 
paid  to  this  crop,  the  planter  has  ceased  to  especially  prepare  his  nuts 
for  market,  selling  them  as  ‘^farmers’  stock”  to  those  factories  or 
recleaners,  where  they  are  subjected  to  a treatment  of  fanning,  polisli- 
iiig,  and  sorting  before  being  put  upon  the  market.  This  process  is 
simple  and  inexpensive. 

The  machinery,  neither  costly  nor  intricate,  is  placed  in  a four -story 
building  in  such  a way  that  the  peanuts  are  not  handled  from  the  time 
they  are  put  in  their  uncleaned  condition  in  the  hoppers  on  the  fourth 
floor  until  on  the  first  floor  they  are  sewed  in  bags,  branded,  and 
marked  ready  to  ship,  with  the  exception  that  in  the  course  of  this 
process  they  have  passed  over  a movable  table  in  the  form  of  an  end- 
less belt,  between  two  rows  of  operators  somewhat  skilled  in  the 
detection  of  immature  and  faulty  nuts,  which  are  picked  out  and  pat 
into  a separate  receptacle,  only  the  good  and  merchantable  nuts  being 
allowed  to  pass  into  the  bag  beneath j these  are  the  hand-picked  ‘fac- 
tory stock”  of  the  trade. 

USES. 

In  describing  the  uses  of  peanuts  it  is  scarcely  necessary  to  more 
than  refer  to  that  use  to  which  fully  three-fourths  of  the  American- 
raised  crop  is  devoted.  The  nut  is  sorti  d in  the  factory  into  four 
grades,  the  first,  second,  and  third  being  sold  to  venders  of  the  roasted 
peanut,  either  directly  or  through  jobbing  houses.  The  fourth  grade, 
after  passing  through  a seller,  is  sold  to  confectioners,  to  be  used  in 
the  making  of  burnt  almonds,”  peanut  candy,  and  cheaper  grades 
of  chocolates.  The  extent  of  the  use  of  the  peanut  by  the  American 
people  will  be  more  fully  appreciated  when  it  is  remembered  that 
they  use  4,()0(),()0()  bushels  of  nuts  yearly  (at  a cost  to  the  consumers 
of  $10,000,000),  which  do  not  form  a part  of  the  regular  articles  of  food, 
but  are  eaten  at  odd  times. 

The  nut  is  used  by  the  planter  as  a fattener  for  his  hogs,  and  ref- 
erence to  the  analyses  of  the  plant  (table,  p.  5)  will  at  once  indicate 
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its  value  for  that  puri)ose.  The  ])lauter  also  makes  use  of  the  vine 
uuder  the  uame  of  peanut  hay,  which  is  carefully  saved  and  fed  to  all 
kinds  of  live  stock,  furnishing  the  best  and  cheapest  hay  to  be  found  lu 
the  peanut  section.  The  chief  objection  to  it  is  that  it  is  apt  to  con- 
tain considerable  dirt,  which  may  produce  coughs  in  the  animalseating 
it.  It  should  therefore  be  fed  from  low  troughs  or  juangers,  and  never 
from  racks  overhead.  If  frosted  it  may  cause  colic,  but  well-cured  hay 
will  not  do  this.  If  many  immature  pods  are  left  on  the  vines,  stock 
that  is  not  worked  much  would  need  no  other  food  during  the  winter. 
Care  must  be  exercised,  however,  when  beginning  to  feed  it  to  horses, 
as  there  is  danger  of  the  saps  or  immature  pods  left  on  the  vines 
foundering  them  if  too  much  is  fed  at  once.  An  analysis  of  this  hay, 
as  compared  with  hay  from  clover,  timothy,  cowjiea,  and  alfalfa,  is 
found  in  the  following  table,  taken  from  Bulletin  Volume  IV  No.  2,  of 
the  Tennessee  Experiment  Station : 


Feeding  value  of  peanut  hag  as  compared  with  hag  of  other  crops. 


1 

Alois-  j 
ture. 

Dry  matter. 

Protein. 

Fats. 

Carbo- 

hydrates. 

Crude  j Crude 
hber.  | asli. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent  'Per  cent. 

Peanut  hay 

7.83  j 

11.  75 

1.84 

46.  95 

22. 11  : 17  04 

Peanut  vine 

G.25  ! 

13.48 

15.  06 

36.  28 

29.16  1 6.02 

Clover  liay 

11.30 

12.  84 

2.  11 

1 48. 31 

29.27  1 7.47 

Timothv  iiay 

13.50 

7.17 

1.97 

! 52. 94 

33.41  1 4.51 

Cow])ea  hay 

10.  29  ! 

19.  72 

4.  04 

45. 15 

21.99.  9.10 

A Italia  

6.  95  ! 

16.48 

2.  03 

42.  62 

31.38  i 7.49 

These  analyses  show  peanut  vines  to  be  of  high  feeding  value,  com- 
paring favorably  in  this  respect  Avith  the  most  highly  esteemed  forage 
plants.  When  some  of  the  nuts  are  cured  and  fed  with  the  hay  the 
feeding  value  is  greatly  increased,  as  the  second  analysis  in  this  table 
shows. 

These  are  uses  to  which  the  iieanut  crop  is  commonly  put  in  this 
country,  but  it  is  not  improbable  that  in  the  course  of  time  the  peanut 
may  subserve  other  valuable  ends  here.  Millions  of  bushels  are  being 
used  in  the  countries  of  the  Old  World  for  the  production  of  oil,  in  which 
the  nuts  are  very  rich.  This  oil  is  regarded  as  equal  to  olive  oil,  and 
may  be  employed  for  every  purpose  to  which  that  is  applied.  This 
oil  forms  from  30  to  50  per  cent  (by  weight)  of  the  shelled  nut;  it  has 
an  agreeable  taste  and  smell,  and  is  more  limpid  than  olive  oil,  which 
it  very  much  resembles.  Examinations  of  peanut  oil  manufactured  in 
Tennessee  show  it  to  be  very  similar  in  character  to  cotton  seed  oil  and 
olive  oil.  It  is  sweet,  palatable,  and  clear,  and  in  fiict  great  quantities 
are  used,  unknown  to  the  consumer,  instead  of  olive  oil.  To  quote 
Consul  Thomas,  of  Marseilles,  in  a report  to  the  Department  of  State: 

Much  of  it  is  used  for  (uitiug  i)urposes,  both  as  a salad  oil  and  in  the  composition 
of  niargarin.  When  made  from  a suiierior  class  of  nuts,  not  too  hnely  ground,  the 
oil  is  said  to  be  of  fairly  good  flavor,  and  in  the  case  of  dearth  of  olives,  might 
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serve  as  an  excellent  substitute  for  the  more  popular  though  possibly  not  more 
widely  consumed  extraction.  Indeed,  the  people  of  all  others  best  able  to  give  an 
expert  opinion  as  to  the  merits  of  peanut  oil  for  table  purposes,  and  who  annually 
consume  considerable  quantities  under  the  name  of,  and  perhaps  too  faintly  diluted 
with,  olive  oil,  reside  in  the  United  States. 

lu  India,  Europe,  Brazil,  and  this  country  it  is  used  medicinally  in 
the  place  of  olive  oil,  and  it  is  also  employed  by  manufacturers  as  a 
substitute  for  the  latter  iu  fulling  cloth.  As  a lighting  fluid  it  lasts  a 
long  time,  but  does  not  give  as  clear  a light  as  other  burning  oils. 
It  is  a durable,  nondrying  oil  of  a light  straw  color,  and  it  is  for  its  oil 
that  the  nut  is  imported  into  Europe,  many  gallons  being  used  in  the 
manufacture  of  soap  and  as  a lubricant  in  machine  shops. 

Consul-General  Mason,  of  Frankfort,  says  : 

Cold-pressed  oil  of  the  first  pressing  of  African  or  the  best  American  peanuts  is 
used  in  Germany  as  salad  oil  and  for  various  culinary  purposes.  It  ranges  in  price 
(wholesale)  from  $14,75  to  $26  per  100  kilograms  (220  pounds),  or  approximately 
from  56  cents  to  $1  per  gallon,  which  is  far  cheaper  than  any  edible  quality  of  olive 
oil  that  can  be  imported  and  sold  in  that  eountry.  The  American  peanut  is  larger, 
sweeter,  and,  when  roasted,  better  flavored  than  any  of  the  others,  but  its  oil  is  of 
medium  quality  and  ranks  below  the  African,  being  worth  about  $15.50  per  100 
kilograms,  or  59  cents  per  gallon. 

A practical  treatise  on  animal  and  vegetable  fats  and  oils,  by  W.  T. 
Brannt  (London,  1888),  says: 

The  kernels  yield  from  38  to  45  per  cent  of  oil.  The  first  cold  pressure  yields  16 
to  18  per  cent  of  very  fine  table  oil.  The  residue  is  then  broken  up,  moistened  with 
water,  and  again  cold  pressed,  yielding  7 to  8 per  cent  more  or  less  valuable  oil  used 
for  table  purposes  and  burning;  the  residue  from  this  is  heated  and  then  pressed, 
giving  7 to  8 per  cent  more  of  oil  unfit  for  table  use,  but  used  for  soap  and  lubri- 
cating. 

United  States  Consul  Trail,  at  Marseilles,  in  a report  on  manufac- 
tures of  vegetable  oils,  dated  April  4, 189U,  says,  regarding  the  process 
in  that  city: 

These  nuts  are  subjected  to  two  pressings,  the  seed  first  being  triturated  and  then 
heated  to  between  70°  and  80°  C.  The  yield  of  oil  from  the  first  pressing  is  about 
50  per  cent  of  the  seed  crushed. 

Whether  oil  extraction  from  peanuts  will  ever  become  an  established 
industry  in  this  country  depends  upon  (I)  whether  suflicient  quantities 
can  be  secured  to  keep  the  mills  at  work,  and  (2)  whether  peanuts  can 
be  raised  at  a price  low  enough  to  compete  with  the  other  oil  seeds 
which  already  have  control  of  this  market.  To  the  average  peanut 
planter,  who  for  the  past  few  years  has  been  told  that  the  market  is 
overstocked  and  the  supply  greater  than  the  demand,  the  intimation 
that  the  supply  is  not  large  enough  for  almost  any  purpose  would  meet 
with  small  credence;  but  a moment’s  reflection  and  calculation  ol  the 
amount  of  nuts  necessary  to  sufiply  the  demands  of  a first-class  oil 
mill  would  at  once  show  how  comparatively  small  is  the  average  crop. 
At  50  tons  per  day,  800  tons  a week,  or  15,000  tons  a year,  as  a requisite 
amount  to  supply  one  mill,  we  find  that  nearly  the  whole  American 
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crop  would  be  consumed  by  two  mills.  But  under  present  conditions 
the  mills  could  not  pay  the  price  demanded  for  primes  or  extra  fine 
stock,  therefore  the  part  of  the  present  crop  which  could  be  utilized  in 
oil  making  would  be  limited  to  the  amount  of  the  third  or  fourth  class 
stock  produced,  which  would  not  supply  one  mill  six  months. 

The  question  of  prices  is  one  which  can  be  answered  only  by  future 
improvement  in  the  methods  of  culture,  an  increased  production  per 
acre,  and  the  invention  of  more  economical  means  of  harvesting  and 
handling  the  crop. 

The  most  important  secondary  product  of  peanut-oil  manufacture  is 
the  oil  cake,  or  meal,  which  remains  after  the  oil  has  been  extracted  by 
pressure.  This  sells  for  from  $30  to  $33  per  ton  in  Germany,  where  it 
is  used  for  feeding  cattle  and  sheep.  After  all  the  oil  which  can  be 
expressed  has  been  secured  there  still  remains  considerable  fatty  mat- 
ter in  the  cake,  which,  together  with  its  other  contents,  makes  a most 
valuable  animal  food. 

An  average  of  over  2,000  analyses  collated  by  German  authorities  is 
shown  on  page  5.-  A recent  analysis’  of  peanut  cake  furnished  by  an 
oil  factory  in  Tennessee  gave  the  following  results:  Water,  G.58  per 
cent;  ash,  4.21  per  cent;  protein,  53.19  per  cent;  fiber,  3.75  per  cent; 
nitrogen-free  extract,  24.01  per  cent,  and  fat,  53.10  per  cent.  This 
shows  a nutritive  value  for  the  American  product  somewhat  superior  to 
the  German  average. 

Dietrich  and  Konig  give  the  average  coefficient  of  digestibility  of 
this  cake  as  follows:  Protein,  90.24;  fats,  85.00;  nitrogen-free  extract, 
92.87. 

An  experiment  was  made  at  the  Woburn  Experimental  Farm,  in  Eng- 
land, to  compare  peanut  cake  at  $40.72  a ton  Avith  bean  meal  at  $45.80, 
for  steers.  Each  was  fed  in  a grain  ration  svith  equal  parts  of  oats  and 
barley,  and  the  animals  received  besides  45  ])ounds  of  roots  and  15 
pounds  of  clover-hay  chaff*  per  head.  The  trial  lasted  107  days.  The 
ptainnt  cake  proved  to  be  a useful  feeding  material  for  cattle  and  to 
have  a feeding  value  just  about  equal  to  that  of  beans.^ 

Dr.  W.  II.  Ilobertson’’  in  his  experiments  with  peanut  cake  as  a food 
for  horses  at  the  India  farm,  of  which  he  was  manager,  found  that  0 
pounds  of  cake  per  day  was  sufficient  to  keep  a horse  in  good  working 
condition,  and  describes  the  method  of  feeding  thus: 

The  cake  was  broken  into  small  pieces  and  steeped  for  twenty-four  hours  iu  cold 
water,  just  sufficient  to  make  a stiffish  paste.  This  ]>nste-is  white  and  has  a rather 
agieeable  nut-like  smell  and  taste;  it  is  readily  eaten  by  most  horses. 

In  reference  to  its  use  as  feed  for  other  animals.  Dr.  Robertson  says: 

I liave  used  the  cake  very  extensively  in  feeding-  working  cattle:  an  allowance  of 
4 pounds  per  head  per  day,  with  forage,  kept  the  animals  in  perfect  health  and  con- 

' Analysis  made  by  the  chemist  of  the  Department  of  Agriculture. 

^ Royal  Agricultural  Society  of  England,  No.  ,S,  1892,  ser.  3,  pp.  727-730. 

3.Ionr.  Roy.  Agr.  Soc.  Eng.,  Vol.  IV,  Part  III,  1893,  p.  650. 
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dition.  For  fattening  cattle  I do  not  know  of  any  better  food,  in  regard  alike  to  its 
feeding  value  and  to  the  superior  quality  of  the  beef  produced. 

As  a food  for  dairy  cows  it  is  admirable,  both  in  increasing  the  yield  of  milk  and 
in  improving  its  quality.  The  butter  of  cows  so  fed  is  firmer  and  keeps  much  better 
than  that  of  cows  fed  on  any  of  the  ordinary  oil  cakes.  A daily  allowance  of  4 to  6 
pounds  of  the  cake,  given  in  the  form  of  paste,  and  mixed  with  2 or  3 pounds  of 
wheat  bran,  constitutes  a perfect  food  for  milch  cows.  I have  had  cows  so  fed  for 
several  years,  yielding  well  and  breeding  regularly.  For  sheep  there  is  no  bett(U’ 
food  than  earthuut  cake,  but  for  these  animals  I found  it  best  to  give  the  cake  dry 
and  broken  into  small  pieces.  I had  a large  flock  fed  on  the  cake  for  several  years, 
and  never  knew  any  bad  results  attending  its  use.  The  ewes  so  fed  bred  regularly, 
milked  well,  and  reared  excellent  lambs,  while  the  mutton  of  these  cake-fed  sheep 
was  of  superior  quality. 

Many  experiments  have  proved  the  value  of  the  cake  as  a feed  for  ])igs.  For 
these  animals  it  was  usually  made  into  a thin  gruel  and  given  mixed  with  bran. 
The  same  preparation,  but  in  not  quite  so  thin  a condition,  constitutes  a superior 
food  for  fattening  poultry.  The  flesh  of  poultry  fatted  on  the  cake  is  white,  fine, 
and  of  superior  quality. 

From  tbe  above,  and  as  a result  of  the  various  analyses,  it  can  be 
concluded  with  certainty  that  the  peanut  cake  is  an  excellent  cattle 
food  and  can  be  made  extremely  valuable  if  judiciously  mixed  with 
other  foods  less  rich  in  oil  and  nitrogenous  constituents. 

A grade  of  food  for  animals  known  as  “peanut  meal”  is  made  by 
giinding  the  hulls,  immature  peanuts,  and  those  of  inferior  grades, 
such  as  pops  and  saps,  and  a certain  proportion  of  sound  nuts  mixed 
with  other  ingredients.  This  is  carefully  prepared,  having  all  the  dirt 
and  foreign  matter  eliminated.  The  liber  is  also  to  a large  extent 
extracted,  as  well  as  the  Huffy  matter,  and  the  meal  is  probably  in  a 
favorable  condition  for  stock.  The  composition  compares  favorably 
with  that  of  many  foods  now  on  the  market.  There  is  nothing  in  this 
preparation  which  can  not  be  secured  by  the  farmer  him.self  without 
any  expense,  if  he  will  take  ordinary  care  in  separating  his  marketable 
peas  from  the  refuse  stock  before  selling,  Avhich  latter  would  be  a val- 
uable addition  to  the  somewhat  meager  supply  of  winter  fodder  ordi- 
narily i^jrovided  by  the  farmers  in  the  South  for  stock  other  than  their 
work  animals. 

Although  the  experiment  made  with  peanut  meal  and  biscuits  as  food 
for  the  German  army  was  not  so  successful  as  to  induce  the  authorities  lo 
adopt  it  as  a part  of  the  rations,  still  analysis  has  shown  conclusively 
that  it  is  a most  nourishing  food  for  man,  and  as  compared  with  other 
well-known  forms  of  vegetable  and  animal  food  it  has  a high  nutritive 
value. 

During  the  years  between  1801  and  1805,, peanut  oil  was  manufactured 
by  at  least  four  mills  in  the  Southern  States,  and  used  as  a lubricant 
by  railroads  for  locomotives,  by  wool  and  cotton  sxiinners  for  their  sjiin 
(lies,  and  by  housewives  instead  of  lard  as  shortening  in  bread  and 
yiastry.  The  cake  was  eaten  by  many  living  in  the  vicinity  of  the  mills, 
and  was  very  highly  spoken  of  by  those  who  used  it,  as  a palatable  and' 
nutritious  food  for  man. 
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The  following  is  aoo'mi)arisoii  made  by  Professor  Koiiig,  based  on  the 
pi  ice  111  Germany  of  the  following  twelve  principal  foods  reduced  to 
‘‘  units  of  nutrition  ; ” 


CompariHon  of  the  nutritive  value  and  cost  of  twelve  principal  foods. 


! 

Nutritive 

units 

per  pound. 

Cost  per 
1,000  units 

1 in  cents. 

Skim  milk 

Skim  lull k clieesu 

i 98.2 

870.  0 

10.4 

11.0 

Full  milk 

145.  5 

11.  5 

1,  257.  7 
1, 186.  3 
525.  9 

15.  5 

20.  4 
22.  2 

Veal 

Beef  

530.  9 

26.  0 

Peas  

778.  6 

1 . 4. 2 

Potatoes 

138.2 

1 5. 1 

Rye  dour 

603.  6 

1 6. 0 

Bice 

534.  6 

10.  0 

Peanut  meal 

1,  425.  0 

3.0 

1 

It  follows,  therefore,  that  peanut  meal  is  not  only  the  most  nutri- 
tious, but  by  far  the  cheapest  of  this  whole  list  of  food  materials. 


SUMMARY. 

(1)  The  peanut  is  a native  of  Brazil,  but  early  after  the  discovery  of 
that  country  it  was  introduced  into  Africa  and  other  tropical  parts  of 
the  Old  World,  where  it  became  a staple  article  of  food.  It  was  only  in 
the  second  half  of  this  century  that  it  became  an  important  crop  in 
this  country. 

(2)  The  varieties  grown  are  the  Virginia,  running  and  bunch;  the 
Tennessee  and  Georgia,  white  and  red:  the  North  Carolina,  and  the 
Siianish.  The  Virginia  varieties,  being  most  widely  known  and  popu- 
lar with  the  trade,  are  the  ones  commonly  planted.  There  is  little 
difference  between  the  Virginia  and  Tennessee  nuts,  both  being  sold 
as  “Virginia  hand-ihcked”  peanuts. 

The  Spanish  nut  has  a vsmall  kernel  of  line  quality,  and  is  in  demand 
as  “confectioners’  stock,”  being  worth  several  cents  per  pound  more 
than  any  other  shelled  stock. 

(d)  The  climate  of  the  Atlantic  Seaboard  and  Mississippi  Valley  has 
proven  very  congenial  to  this  plant,  Avhich  needs  an  early  and  warm 
spring,  followed  by  a hot  and  moist  summer,  with  but  little  rain  in  the 
harvesting  season  to  injure  the  mature  croj). 

(4)  While  an  open  sandy  soil  which  does  not  stain  the  shell  is  the 
ideal  one  for  the  peanut,  it  tlirives  on  any  friable  soil  that  contains  a 
sufhcient  quantity  of  lime  and  humus.  The  presence  of  lime  is  nece-;- 
sary  for  the  development  of  the  nuts,  as  without  lime  there  may  b • 
luxuriant  vines  bearing  nothing  but  pops.  If  the  soil  does  not  already 
contain  lime  in  sufhcient  (luantities  the  deficiency  must  be  smqilied  by 
the  use  of  some  form  ol  commercial  lime,  such  as  burnt  oyster  shells, 
burnt  limestone,  or  marl. 
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(5)  The  peanut  plant  draws  a large  part  of  its  nitrogen  from  the  air, 
but  it  draws  a considerable  amount  of  phosphoric  acid  and  potash 
from  the  soil.  If  the  entire  plant  is  removed  from  the  soil,  the  crop 
becomes  an  exhausting  one,  and  the  fertility  of  the  soil  must  be 
restored  by  the  use  of  manures  and  rotation  of  crops. 

(0)  Peanuts  should  be  planted  in  well-i)ulverized  soil  to  a depth  of  4 
inches.  The  distance  between  the  rows  should  be  from  -J8  to  36  inches, 
varying  with  the  fertility  of  the  soil  and  the  variety.  Fertilizers  should 
be  applied  broadcast  before  planting,  but  they  may  be  applied  in  the 
rows,  and  at  the  time  of  planting.  Carefully  shelled  and  selected  ker- 
nels should  be  used  for  seed:  The  seeds  should  be  planted  from  12  to 
20  inches  apart,  two  to  the  hill,  and  covered  about  an  inch  deep,  either 
with  a hoe  or  a small  turn  plow.  All  grass  and  weeds  must  be  kept 
out  of  the  held,  and  the  soil  kept  loose  ami  open,  that  the  tender 
‘‘spikes”  may  meet  with  no  resistance  in  penetrating  the  ground. 
Experiment  has  not  shown  any  definite  results  favoring  either  the  ridge 
or  level  culture,  and  the  nature  of  the  field  selected  for  the  crop  will  be 
the  best  guide  as  to  the  method  to  be  adopted.  The  crop  should  be 
laid  by  in  July,  or  as  soon  as  the  vines  have  spread  sufficiently  to  keep 
down  the  weeds,  or  to  make  the  passage  of  the  harrow  between  the 
rows  dangerous  to  the  developing  x^ods. 

(7)  In  harvesting  the  cro}^,  the  x)ractice  is  to  pass  down  each  side  of 
the  row  with  a x)low,  made  especially  for  the  x:>iirpose,  Avithout  a mold- 
board,  and  with  a “ sword,”  or  long  cutting  flanges  welded  to  the  point. 
The  plow  is  run  deep  enough  to  sever  the  tax)root,  without  disturbing 
the  x:>ods.  The  vines  are  then  lifted  from  the  ground  Avith  pitchforks, 
and  x)laced  in  rows;  they  are  afterAvards  stacked  around  short  i^oles. 
Two  Aveeks  later  the  ])ods  should  be  dry  enough  to  be  x)icked  off.  After 
picking  the  nuts  arei)laced  in  bags,  holding!  bushels,  and  either  stored 
aAvay  in  dry,  Avell-ventilated  sheds,  or  at  once  sold  to  the  “factories,” 
where  they  are  cleaned,  sorted,  sacked,  and  branded.  They  are  then 
ready  for  the  trade. 

(8)  The  larger  portion  of  the  American  crop  is  sold  by  street  venders, 
but  small  amounts  are  used  by  confectioners,  chocolate  manufacturers, 
and  for  the  manufacture  of  oil.  Peanut  oil  is  used  for  lubricatiug  and 
soap  making,  and  is  a good  substitute  for  oliA^e  oil  for  salads  and  other 
culinary  x^urx^oses,  and  as  a substitute  for  lard  and  cottoleneand  butter 
in  cooking.  The  residue  from  oil  making,  known  as  “peanut  cake,”  is 
a highly  Amlued  cattle  food  in  the  countries  of  Europe,  and  is  also 
ground  into  fine  flour  and  used  as  human  food.  It  makes  good  soux), 
griddle  cakes,  muflins,  etc.,  and  is  one  of  the  most  nutritive  of  foods. 
It  has,  hoAvever,  not  been  sufliciently  tested  to  make  it  certain  that  it 
will  be  useful  as  a regular  article  of  diet.  Tlie  Auiies  Avlien  dried  become 
a very  nutritive  hay,  readily  eaten  by  stock;  but  in  feeding  care  must 
be  taken  lest  it  give  them  colic. 
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FARMERS’  BULLETINS. 

Ai)])licatioiis  for  the  biilletius  of  this  series  should  be  addressed  to 
the  Secretary  of  Agrieulture,  Washington,  D.  C. 

[Farmers’  Biilletius  Nos.  1,  2,  4,  5,  8, 10,  and  13  are  not  available.] 

Farmers’  Bulletin  No.  3.  The  Culture  of  the  Sugar  Beet.  Pp.  24.  Issued  March, 
1891. 

Farmers’ Bulletin  No.  6.  Tobacco:  Instructions  for  its  Cultivation  and  Curing. 
Pp.  8.  Issued  February,  1892. 

Farmers’  Bulletin  No.  7.  Sjiraying  Fruits  for  Insect  Pests  and  Fungous  Diseases, 
with  a Special  Consideration  of  the  Subject  in  its  Relation  to  the  Public  llesilth. 
Pp.  20.  Issued  April,  1892. 

Farmers’  Bulletin  No.  9.  Milk  Fermentations  and  their  Relations  to  Dairying. 
Pp.  24.  Issued  July,  1892. 

Farmers’  Bulletin  No.  11.  The  Rape  Plant:  Its  History,  Culture,  and  Uses.  P[). 
20.  Issued  June,  1893. 

Farmers’  Bulletin  No.  12.  Nostrums  for  Increasing  the  Yield  of  Butter.  Pp.  16. 
Issr.ed  June,  1893. 

Farmers’  Bulletin  No.  14.  Fertilizers  for  Cotton.  Pp.  32.  Issued  March,  1894. 
Farmers’  Bulletin  No.  15.  Some  Destructive  Potato  Diseases  : What  they  are  and 
how  to  Prevent  them.  Pp.  8.  Issued  April,  1894. 

Farmers’  Bulletin  No.  16.  Leguminous  Plants  for  Green  Manuring  and  for  Feeding, 
Pp.  24.  Issued  April,  1894. 

Farmers’  Bulletin  No.  17.  Peach  Yellows  and  Peach  Rosette.  Pp.  20.  I.ssued  May, 
1894. 

Farmers’  Bulletin  No.  18.  Forage  Plants  for  the  South.  Pp.  30.  Issued  August, 

1894. 

Farmers’ Bulletin  No.  19.  Important  Insecticides:  Directions  for  their  Prepara- 
tion and  Use.  Pp.  20.  Issued  July,  1894. 

Farmers’ Bulletin  No.  20.  Washed  Soils:  How  to  Prevent  and  Reclaim  Them. 
Pp.  22.  Issued  November  30,  1894. 

Farmers’ Bulletin  No.  21.  Barnyard  Manure.  Pp.  32.  Issued  November  19,  1894. 
Farmers’  Bulletin  No.  22.  Feeding  Farm  Animals.  Pp.  32.  Issued  February  5, 

1895. 

Farmers’  Bulletin  No.  23.  Foods:  Nutritive  Value  and  Cost.  Pp.  32.  Issued 
January  21,  1895. 

Farmers’  Bulletin  No.  24. 

December  12,  1894. 


Hog  Cholera  and  Swine  Plague.  Pp.  16.  Issued 


